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PE EF A C E. 



No inquiry is more congenial to the limnan mind 
than the origin of man and of the great creation 
aronnd ns, Ilonco the hero of Milton's grand poem 
relates how, on first awakening into being, he began 
these queries — 

" Thou sua, said I, fair light, 
And thou enlightened earth so fresh iind gay, 
Te hills and dales, ye rivers, woods, and plains, 
And je that live and more, fair creatures, tell — 
Tell if ye saw, how eame I thus, how here." 

In pursuing these investigations in a scientific 
point of view, the greatest advance made by the 
ancients was the idea that oui- earth is round like a 
globe. This was an indispensable step toward the 
discovery of its planetary or steUar nature. In mod- 
era times there have been many theories formed to 
account for the different phenomena of creation, some 
exi^laining one part of the process, and some another. 
Ten of these are ehghtly sketched in the forty-second 
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Beetion, but the entire volume is employed in devel- 
oping four of those theories, each one occupying one 
of the four parts of the ■work. 

The First Part hegina, like the Book of Genesis, 
with the creation of light. There seems always to 
have been a vague opinion that the light of the sun 
is produced by a great burning. Newton and La- 
place believed this ; and Davy believed that our 
planet, the earth, waa formerly in a fused, glowing 
condition by the chemical union of its simple ele- 
ments. But for the last half century it has been the 
very decided opinion of scientific men, that chemical 
action or burning cannot account for the heat of tlio 
6un, because that body does not contain a snfficient 
amount of fuel. Even iifewton and Laplace and the 
older philosopher never entered into any extended 
arguments on this subject. They simply expressed 
their opinion, fortified with one or two reasons. This 
volume is the first serious attempt to take up the old 
chemical theory of stellar light and heat, and to give 
it a full, elaborate discussion. I have tried to do this 
in a way to interest and benefit not simply scientific 
men, hut tlie general mass of intelligent readers. 
Even if the latter fail to come to my decision, they 
wiU nevertheless become familiar with a large num- 
ber of facts in science. For it is on the collection, 
the desci'iption, and the explanation of facts, that the 
argument d 
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The Second Part contains a new theory of the 
force which has prolonged the light and heat of the 
Bun through the Yast duration revealed hy geology. 
This theory is introduced hy the facts on which it is 
founded, and these are stated in the form of answers 
to the single ohjeetion against the chemical theory of 
stellai' light. The present extravagant estimate of 
that ohjeetion led me to take this course. 

The Third Part, I think I may fairly say, demon- 
strates that the origin of the stars was from a conden- 
sation of matter previously in a vei-y rare or gaseous 
condition. This idea is not new ; hut the demonsti'a- 
tion of its truth, long desired, has never before been 
given. This pai-t also now first explains the origin 
of a large number of astronomical phenomena, such 
as the reason why the four exterior planets have all 
the satellites except one ; and why, of the four interior 
planets, the earth alone has a satelHte. 

The Fourth Part completes the argument ahoady 
begun in the third, to show that Gravity is the force 
which originally gave their motions to the stars. 

Thus we now Imow, mthout any doubt, the origin 
of the gi'eat globes which roll through space, and we 
know the force which sent them onward -with such 
astonishing velocities as a thousand miles a minute ; 
the velocity of our earth, for instance, being greater 
than that. 

We also know what causes the light and heat of the 
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Btui and of the other stars ; and we know wliy manj 
stars, like our earth, have lost their light, and shine no 
more. These truths ahont their light and hejit may 
not at first be heliered by some, hut I have the 
strongest confidence that before long they will not be 
doubted. 



PREFACE TO THE SECOND EDITION. 

DcRiSG more than two huiidred years it lias been a 
wonderfQl revelation of science that the vast and ponderous 
globe on which we tread flies througti space more than a 
thousand miles every minute. Other heavenly bodies move 
more slowly, and others have double this veioeity. This 
volume is the first to reveal the force by which these aston- 
ishing velocities were originally imparted. The Dcily 
works by means, and just now we have discovered the in- 
strument by which He put all the heavens and the earth 
in motioD. To fortify and make plain this discovery, I 
have rewritten the section on " The Necessity of Nebular 
notation," and elaborated a more extended paper with the 
same title, which has beea pnhlished by the Academy of 
Natural Sciences of Philadelphia in their "Proceedings" 
for the year 1867. The same volume contains a paper by 
myself, showing at large the insufficiency of the meteoric 
theory of solar heat, or any other theory of solar heat de- 
pending on falling force merely. We must therefore accept 
tlie chemical theory or none. 
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PART I. 



THE CAUSE OF THE LIGHT ASD EEAT OF TITE SUN 
AND THE OTHER FIXED STAKS. 



INTKODUCTION. 



The object of tliia small volume is to slioiv the origin 
of the stars, and the caxises of tlicir motions and their light. 
The reader may at once inquire with surprise, How is it 
possible for ns to learn the origin of the distant stars ? How 
can we ascertain the cause of their shining ; and Low can 
we Icam what mighty force gave them their rapid motions ? 
One of our chief sources of information, though not by far 
our only source, arises from the fact that our earth is a 
star, and moves among the stars, and that once it shone 
with all their splendor. Here, then, we live and move on 
a star, and wc have an opportanity to inquire into its past 
history and its ancient origin. Here we can examine its 
constitution, and find out how its elements could blaze like 
the sun. Therefore in our great undertaking we must lay 
the foundation by proving that o\ir earth is a star ; not only 
a planet appearing beautifully like Venus and Jupiter in 
the evening sky, but rcallj' a fixed star that once shone by 
its own independent light. The more extensively wc see 
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12 THE EARTH IS A BTAE, 

the rcscmlilance between our earth and the other stars, tlic 
greater will he our confidence in applying our terrestrial 
knowledge to the celestial bodies ; and henee wc must he 
very familiar not only with a few, but with all those facts 
which are common to our earth and to theiu. Our plan 
will bo first to enumerate all the coincidences between our 
earth and the other planets ; and then to show that between 
planets, suns, and fixed stars there is no essential distinction, 
that all belong to the same general class of bodies, and that 
tbeir history and their origin have been the same. This 
mast be the corner-stone of our edifice. 



MOr.K TITAN FOItTY POINTS OF RESEMBLANCE EElWliEN OUK 

1. They are all very great bodies, their diavnufcrM 
ranging from 2,950 to 88,600 miles ; that of our earth is 
7,912 miles, aud therefore of an intermediate size. 

2. They ai'e all round bodies ; this is evident by simple 
observation. 

3. They are all slightly oblate, being Battened more or 
less at the poles, so that their polar is less than their 
equatorial diameters. 

4. They arc all opaque bodies, obstructing the light of 
the sun, and therefore the shadows of them all eclipse their 
safclliles or moona. 

5. They all reflect light. The mildness of their re- 
flected light causes the planets and the moon to look so 
hoautifuiJy by night. The reflection of the light from our 
earth is seen on the dark portion of the moon. From, the 
moon it is reflected back a second time to ourselves. 

6. The planets are Uke our earth in having matter in 
the solid form, 
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THE PLANETS ABE WOBLDS. 13 

7. Tbey also have matter in the liquid form. 

8. Anil tiiey iiavc matter iu the gaseous or vaporous 
form. 

9. They have icequalities on thoir Biufaces, the same 
as our earth lia.s hills and mountains. 

10. They are surrounded with atmospheres. 

11. They have clouds in their atmospheres, and these 
clouds are seen lite ours to change their forma. 

12. At least one of them, Mars, has its polar rogioas, 
when turned away from the sun, covered with a white 
appearance like those of our earth, which are wliitened by 
enow in winter. If there were no snow on the polar regions 
during the many weeks of winfry niglits, those regions 
should appear especially dark. Snow and clouds prosup- 
poso the existence of a liquid similar to wafer ; an atmos- 
phere impliea matter in a gaseous form ; and moualainoua 
inequalities of surface tell of matter in a solid form. 

13. The atomic force of cohesion acts there the same as 
here, otherwise there could be no solids. 

14. Also the atomic force of repulsion reigns among the 
planets, for without this there could be no gaseous atmos- 
pheres. 

15. The force of graviiatioQ manifests its activity among 
the planets by moulding them in a round form, and by 
retaining their satellites in their orbits. 

16. The centrifugal force shows its power among tlie 
planets precisely as here, by giving them their oblate forms, 
and by counteracting gravitation. 

17. The matter of the planels, like that of our earth, id 
endowed witli the property of inertia; this is evident, 
because inertia is the foundation of the centrifugal force. 

18. The planets with our earth are distributed one 
beyond anotlier in distances from the sun in such a manner 
as to prove a family likeness and a common origin. Each 
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14 TUB 1 ACE W J. 

one, with the except! h flr p the 

interplanetary spaces vi d w d hej 

arc fi-om the sua ; and h h h and 

the last, each succeedin p d pre- 

ceding. The first and las ar x p liali 

see,onaecoimt ofthep no ad the 

cause which assigned h p 

19. The planets, hk h h suu. 

20. Tiie motions of all are exceedingly rapid, that of 
the slowest being more than 12,500 miles an hour, 

21. Their relative velocities show a common origin; 
the farthest distant from the sun being always Ihe slowest. 

22. Hence the more distant a planet is from the sun, 
the longer is its year or peeiod of revolution. 

23. There is a perfect mathematical relationship be- 
tween their periods and their distances from the sun. 
Hence by knowing the distance of a planet from the sun, 
we cau tell its period ; or knowing its period, we can toll 
its dista,nce. This relationship is expressed in these terms : 
The squares of the periods of any two planets, our earth 
included, are to each other in the same proportion as llie 
cubes of their distances from the sua. 

24. The orbits or paths of the planets around the sun 
arc nearly in the same plane, 

25. They all move around the sun in the same direction, 
from west to east ; the same as the rotation of the sun do 

26. Tlicir orbits ore all ellipses, difieriug only slightly 
from circles. 

27. These orbits are so disposed that the sun is always 
in one of the foci of the ellipses. 

28. Hence all the planets are sonaetimcs near and some- 
times farther from the sun. By their distance ordinarily 
is meant their moan distance. 
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TUE TLANETS AEE M'OELDS. 15 

29. An imaginaiy line, called the radius vector, drawn 
from the planet to the sun, sweeps over equal areas in 
equal times. 

50. The planets are all subject to perturbations ; tliat ia, 
to bo slightly impelled ia various ways out of their paths 
by each other's gravity. 

51. The major axes of ail the planetary orbits con- 
stantly though slowly change their directions, each one 
making a complete revolution after a very long period. 

52. The minor axes of all the planetary orbits constantly 
though slowly change their lengths, each one vibrating to 
aad fro within certain limits in a very long period. 

33. The planes of all the planetary orbits vibrate to and 
fro in very long periods. 

34. The planets, lite our earth, rotate on tlielr axes, 
giving to them all the changes of day and night. 

35. Tliese rotations are all from west to east. 

36. Tiicir axes of rotation are all more or less inclined 
to the planes of their orbits, thus imparting to tbem all the 
vicissitudes of the seasons. 

37. All the planets larger than our earth have one or 
more mooas. 

38. Those moons all rotate on their axes. 

39. They all revolve around their primaries. 

40. Their rotations are pcr£l»rmeil, as far as is yet 
known, once in one revolution. 

41. Both their rotations and their revolutions arc from 
west to east. 

42. The revolutions of all the moons, like those of all 
the planets, are in elliptical orbits. 

43. The planes of the lunar orbits are nearly in the 
equatorial planes of their primaries. 

i4. The lunar orbits, lite those of their primaries, aro 
subject to various changes. If the parallel were drawn 
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16 THE EAETH AITD THE PLANETS THE SAME. 

between the changes in the orbit of ouf moon and in those 
of tie satellites, and also between their velocities, distances, 
periods, radii vectores, eccentricities, major and minor 
axes, then the coincidences between our earth and the other 
planete would be very greatly increased beyond our present 
eaomeration. 

45. Like our eartli the other planets are more dense in 
their interiors than at their surfaces, 

46. The planets are more dense the nearer they are to 
the sun, fonning a regular progression of increasing density 
from Neptune to Mercury. The causes of the slight excep- 
tions of Saturn and Venus will be explained on another 

47. As our moon is less dense than the earth, so the 
satellites of Jupiter are less dense than Jupiter. The 
densities of the other satellites have not been ascertained. 



T these points of resemblance bet\yeen our 
caith and the other jlanets, it is wonderful to ''i.e not only 
bow numerou'J they ire, b it how truly Ci^iential They 
are not slight tnd smill but great and fundamental They 
are <rach important things as their izls, shape! and lensi 
ties then power ot obstructing and reflecting the iiys ot 
li'ht , their po =es ion of soLds, liquids, ind gises , their 
h'»vmg atmospheres, clouds, and mountainous inequalatits , 
their subjection to the forces of giavity itomic attiaction, 
atomic repulsion, inertia, anl to all the lins of motii i 
their distribution at regular distanci-s tiom tlie ''un , tl tir 
motions in ellipses, with aU the various changes of ihcsL 
eUipsea thtir rotations on their axes then ren.Iufions 
iround the sun in the sime direction and hlotIj in tl e 
same plane and their being accomjinicd by round moon« 
all moving alike. If any thing m the wide compass of our 
knowledge is evident, then it is clear that our eai'th is 
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TOE FIXED 6 



a star like the planets, and tie planets are i\-orlds like our 
own. Essentially and fundamentally tiey arc the same, 
though in minor mailers each one has its own peculiarities. 



SECTION' in. 

MORE THAN TWENTY FAC 

"We now go on to prove that our earth is not only a star 
like the other planets, but a star like the other fixed stars. 
We shall prove, first, that the fixed stars arc bodies like the 
sun ; then that there is no natural distinction between suds 
and planets ; and lastly, that there is no natural distinction 
between planets and satellites. The ordinary distinction 
between suns, planets, and satellites, is altogether arbitrary, 
and used merely for convenience in a system like oar own 
to designate readily which bodies we mean. But we will 
soon prove that these several bodies graduate from one to 
another by insensible degrees ; that when viewed largely 
we can make no clearly defined separations between them ; 
and that therefore tLcy all belong to the same general class. 
They are the same, in fact, as the other fixed stars. 

The facts proving the fixed stars to be suns are the 
following : 

1. They shine by their own independent light. This is 
evident from their vast distances. No reflected light from 
our sun could give them their present brightness. 

2. The amount of their light is equal to that of our sun, 
and often much greater. This becomes evident from know- 
lug their distances, and the quantity of fteir light that 
reaches our vision. 

3. Their masses, or the amount of matter in some of 
them, has been ascertained, and they are similar to that of 
onr sun, " noiihcr vastly greater nor vastly loss." 
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4. Like our sun they fiave dark spots on their sides ; 

5. Lite onr aim they rotate oa their axes. Tbese two 
facts are Rati'sfaetorily made out by the periodie 
and decrease of the light of many stars. Such ii 
decrease may be accounted for on the supposition that these 
stats have large dark spots on their sides, larger than those 
on the sun, and that they diminish the stellar light when 
turned in our direction. Different estimates have been 
made of the period of the rotation of our sun, varying from 
twenty-five lo thirty days ; and thia difference iu the esti- 
mates arises in great part from the movements of the spots. 
If they wore fixed, the period of rotation could be deter- 
mined precisely. The period of rotation of some stars is 
shorter, and of others longer, than that of our sun, and it 
is an important consideration that their periods are also 
uncertain, and this uncertainty may be accounted for, as in 
the case of the sua, by the iBOvemenis of the spots. A very 
few are precisely regular in their periods, and hence we 
may infer that in these cases their spots arc not like float- 
ing islands, but (hat they have become fixed and continental. 

6. The dark fixed lines exist in the prismatic spectra 
of the stars as in that of tlie sun. This is a highly interest- 
ing fact, because it carries along with it a large number of 
other moat instructive facts. It must, therefore, be ex- 
plained, "When the light of the sun is admitted into a dark 
room through a small opening, and the whole of this light 
is decomposed by a prism into what are called the seven 
prismatic colora, or the prismatic spectrum, theu many fiue 
dark lines are seen to cross this spectrum, if viewed by 
a suitable instrument. These are called fixed lines, or 
Fraunhoffer lines, after their discoverer. The cause of these 
lines was discovered by Kirldioff in the following man- 
ner: If the prismatic spectrum of an ordinary lamp he 
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THE PIXED USES IH SOLAR AND STELLAE SPECTRA. 19 

tsikeD, lien various fixed lines arc a]so seen, and the num- 
ber and position of these depend on tlie substance burning 
or vaporized in the flame. But instead of being dark tliey 
are variously colored, acd these colors also depend on the 
subsfanees in the flame. They can all be made dark, how- 
ever, just like tlioso in the solar and stellar spectra. For 
if another and far brighter lamp be made to shine through 
the former and through the prispi, then the fixed lines of 
whatever color or position all become dark. Therefore the 
interpretation of the dark lines in the solar and stellar 
spectra is as follows : In the flames surrounding the sun 
and stars there are various substances similar to those in 
our earth. Here in our earth there are more than sLtty 
diiiferent substances called chemical elements, also giving 
their own fixed lines in the artificial spectrum. In the sun 
there must be a much larger number of chemical elements, 
because the fixed lines of its spectrum are so exceedingly 
numerous. In the stellar spectra they are few, on account 
of the very small amount of their light. But why in the 
eon and the stars should all the lines be dark? Because 
beliind the flameo containing the vapor* of the cliemical 
elements there must be a much brighter light shining 
through them. This brighter light must come either from 
a solid or a liquid. From the great intensity of the heat, 
it cannot be a solid. It must therefore be a liquid — the 
liquid body of the sun and of the fixed stars. This liquid 
condition of the sun will allow currents as in our ocean, 
and these currents explain the movements of the spots, 
which spots, from their cracking and breaking and the 
evidences soon to be given, are certainly soliils, bat only 
temporary solids from the intensity of the heat. 

These dark fixed lines in the solar and stellar speeti-a 
prove not only that the sun and fixed stars are bodies of a 
simikr nature, but that they are bodies similar to our oarfh, 
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20 THE SON 18 A FIXED STAR, 

■whose elements are capable likewise of producing flsed 
linos in the spectrum. Wo are thus enabled to enumerate 
other points of resemblance between the sun and the fixed 

7. Both the sun and the fixed stars are composed of 
elements similar to our earth. 

8. There ia the loost intense heat in the stars as well as 
in the aim. 

9. There are envelopes of flames surrounding both the 
sun and Hie fixed stars. This agrees with Arago's previous 
and independent proof from the want of polarization in the 
light of the sun. 

10. The bodies of the sun and of the fixed stars are 
liquid. This harmonizes with the oonelusions of geologists 
that our earth below a comparatively thin crust is now in a 
liquid condition, and that formerly it was all liquid except 
here and there some fioating solid spots, which at first were 
temporary and afterwards increased in size and number, 
and became the present permanent crust. 

11. Matter in the sun and in the fixed stars can take 
the form of vapor. This is proved by the fixed lines, be- 
cause they can be formed only by vapor. 

12. Matter in the sun and the fixed stars can exist in 
the liquid condition. This is evident from the liquid nature 
of their bodies. 

13. Matter in the sun and the fixi,d ''tari cm exi^t la 
the solid form. This is supported by all those con=idera 
tions yet to be given, which "how thit the dark spots are 
solids, and less luminous than the sunoondmg liquids 

14. Tlie fixed stars htve smaller bodi s ^e^olvln^ 
around them, like the planets around the sun On iccount 
of their vast distance onlya few rf the planets of tht, fixed 
stars have yet been discovered. Of the sj'-ttm of Zeta 
Cancri, it is affirmed (hat " the nearer icmyanion ippcars 
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fo have a motion ten times more rapid than the remoter 
one." • The following large stars, all of the first magni- 
tude, have minute companions or planetary attcndauta of 
the magnitudes numerically annexed ; 

arias, 10 I E^el, 9 

Procjon 13 Aatares, 7 

Aldebaron, 12 | 

In all cases the minute companions have not yet been ob- 
served to revolve around the principal star, thongh they have 
around some. But this may be accounted for partly by the 
want of sufiiclent observation, and partly by the extreme 
lightness of many stars, and consequently their feeble gravi- 
tation. If this gravitation he extremely feeble, the motions 
of their planets must be extremely slow, and very hard to 
he ohserved. There is reason to believe that great differ- 
ences exist among the stars io the materials of which they 
are composed. In our solar system, for instance, one 
member, Mercury, is sixty times more 'dense than another, 
the first satellite of Jupiter, t The fixed lines of the different 
stars indicate vast differences between their materials ; and 
among bodies so far asunder, one may be of a nature several 
hundred times less dense than another, and consequently the 
companions of the lighter must move so slowly as to re- 
quire agea for their revolutions to be detected. The com- 
mon proper motion of the companions of a double star, and 
the high improbability of so many near juxtapositions by 
mere perspective, lead us to believe that they are really 
binary, and revolve around one another, even ■when no 
such revolution is apparent. Such juxtaposition by per- 
spective, however, is possible ; as in the case of Vega, a 
star of tlie first magnitude, and its minute companion of 
(he eleventh magnitude. The parallax of Vega, and the 

* nuniboldt'3 Cosmos, vol. iiJ,, p. 287. Bohn's Edition ia English. 
t See Appendis VII. 
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want of parallax in its companion only 43" distant, prove 
that tliey have no physical connection. 

15. The binary stars move around one another, oi 
rather around their common eeoire of gravity, in ellipses, 
the same species of orbit described by the planets arouniJ 
the sun. 

IG. The force of gravity animates the fixed slars the 
same as the sua. This is proved by their elliptic motions. 

17. The centriftigal force reigns among the fixed stars 
the same as in the solar system. 

18. Matter in the fixed stars has the property of inertia 
the same as here. This is shown by their ceati'ifugal 
force. 

19. From these four items just mentioned we are certain 
that matter in the fixed stars is subject to all the laws of 
motion which are so curious and precise among the attend- 
ants of the sun. 

20. Atomic attraction, and 

21. Atomic repulsion, are as active among the particles 
of matter in the fixed stars as in our own system. Eepul- 
sion is necessary to hold in a state of vapor the elements 
which cause the fixed lines ; and attraction is necessary for 
the existence of liquids and solids. 

23. The force of chemical attraction and repulsion must 
also exist in the fixed stars. These properties must go 
along with the chemical elements. We cannot think of 
separating them. 

23. The sun and the fixed stars have their own proper 
motions, carrying their attendants along with them. The 
velocity of the sun has been estimated at 422,000 miles per 
day,* and that of 61 Cygni at 160,000 miles per hour. 
This last velocity results from its proper motioa of 5" per 
annum, and a parallax of 0".348. 

* Hcrscliel's Oulliues. 



Hcssdb, Google 



A MODERN EBVELATION. 23 

All these points of agreement between tke sun and 
the fixed Stars will be at once acknowledged by all as- 
tronomers, except perbaps that of solida in the Bun, and 
this also, I trust, when the evidences in its favor shall be 
given OQ another page. But without this, what a wonder- 
ful accumulation of proofs do we heboid that the fixed stars 
are sons like our own ! It is undeniable that they give 
similar amounts of light ; that their masses of matter aro 
similar in weight ; that the chemical elements exist in them 
the same as in the sun ; that they are sources of the same 
intense beat; that gravitation reigns there the same as 
bere ; that they have smaller bodies revolving around tbcm 
in elHptic orbits ; that they rotate on their axes ; that they 
have spots on their sides ; and that they are moving with 
inconceivable rapidity through space. These are all funda- 
mental facts, and they prove conclusively that those twink- 
ling luminaries are really suns. With a firm faitli we may 
rely on this modem revelation that God has created suns 
without number. Sir William Herschel believed that at 
least eighteen millions are placed in the MUky Way iiloiie. 
If there be so many sans, how many more planetary worlds 
must revolve around them ! And how great must be the 
Being wlio originated and who animates all these ! 



SECTION" IV. 

rLiVKETS, SUNS, ASM MOOXS AEE BODIES OF TUE SAME KATURE. 

Having proved that our earth is a star like the pliinels, 
and that the fixed stars are suns, it remains now to prove 
that suns and planets are in all respects bodies of the same 
nature. The distinction between them is altogether arbi- 
trary, and hastily assumed from the accidental peculiarity 
of our solar system. According to our old ideas, a sun is 
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the centre of a system, a planet revolves aroYind a sun, and 
a satellite around a planet. This broad distincticm holds 
good in some systems, and, as a matter of convenience in 
speaking and writing, it serves a handy purpose readily to 
denote which body or bodies we mean. But we have no 
right on that account to assume that their natures are es- 
sentially different. When we look away to other suns and 
systems, we see that the distinction of sun, planet, and sat- 
ellite fades away, and they merge by insensible gradations 
into each other. In many cases the bodies of the system 
are two or three, and of no perceptible difference in size. 
Then in hundreds or rather in thousands of other cases 
there Js a difference in size, and this difference ranges by 
small degrees from the least discernible to the very great- 
est. Siriua is supposed by all astronomers te emit at least 
sixty times more light than our sim. Other estimates make 
the light of that star twice or thrice greater ; and yet his 
companion is so small as to have escaped tlie searching gaze 
of the telescopes of the Herschels and of Eosa. One was 
first seen by Clark, of Boston, and since then Goldschmidt, 
of Paris, has announced the discovery of five more. I have 
already mentioned the minute companions of Procyon, Ei- 
gel, Aldebaran, Arctums, Antares, and the two companions 
of Zeta Cancri, the nearer of which appears to have a mo- 
tion ten limes more rapid than the remoter one. Suuh 
comparative motions occur in our own solar system. Thus 
among the feed stars there are systems like our own, hav- 
ing one large and several smaller bodies, and from this 
extreme case at one end of the series we see other systems 
of bodies becoming gradually nearer and nearer in dimen- 
sions, until at length, at the other end of the series, there is 
apcrfect equality of size. This plainly shows that, natu- 
rally, as far as size is concerned, there is no line of demar- 
cation between sun and planet. 
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Weitiier is luminosity a ground of distinction between 
son and planet. Among the flsed stars whicli we know to 
be sues, we see all degrees of luminosity, from a brightacss 
or amouat of light far exceeding our sun, down fhi-ougb all 
degrees to perfect darkness. Some stars have only a small 
opaque spot on their sides, and at each rotation wo see only 
a small diminution of their light. In others, this diminu- 
tion extends further, and by degrees we come to others that 
are perfectly dark at each rotation. I/astly, others have 
permanently lost their light, and they are improperly termed 
lost stars instead of opaque stars. Thus we learn, firet, 
that stars may be luminous in one period of their history 
and dark in another ; secondly, that their surfaces, by rea- 
son of large spots, may be partly luminous and partly 
dark, or imperfectly luminous ; thirdly, that email stars, 
which move around larger companions, and which are gener- 
ally termed planets, are in some systems luminous, and in 
others opaque. In our own system they have all become 
opaque, but, as already stated, in the systems of Sirius, 
Procyon, Antarcs, Zefa Cancri, and very many others, 
they are still bi-ight. Luminosity depends on the period in 
the history of the star, and not upon its nature. We will 
soon see that our earth, in the earlier part of its history, like 
other fixed stars, was self-luminous, and at a later period it 
became, like many other fixed stars, opaque. 

Neither is position or movement an indication that there 
is an essential difference between suns and planets. Strictly 
speaking, a planet docs not revolve around a sun as a cen- 
tre, but both sun and planet revolve around their common 
centre of gravity. This centra is sometimes within the 
surface of the sun, sometimes a little without, then still 
fui'thcr without, and so on by degi'oes, further and further, 
until both companions are of the same size, and then the 
centime of gravity is preciEcly midway between the two, and 
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fhcir motions are the same ; then all distinction between 
sun and planet is completely lost. Thus, in size, position, 
motion, and luminosity, we find not the least piirtielc of 
pioof that the natar s of sun and planet are ditfcroQt. On 
the conti iry by all these ■weighty attributes, they appear 
pl-iinly to be bo lies of the same general class. 

Again we find that in all these important particulars 
theie IB the same want of distinction between planet and 
satellite Alpha Ani^romedre, Mu Bootis, and Mu Lupi 
arc loiible stir'i, consisting of a larger and a smaller star. 
In populai 1 mguige the larger must be called a sun and tiie 
amaller ■% planet But, has the planet a satellite? The 
remaiJable caie is this: With the most powerful instru- 
ments this linnet is teen to be double — to consist of two 
ladividual'!, the one a planet and the other a satellite ; and 
their sizes aie such as to show tliat there is no difference 
between planet an 1 itellite. Eta Lyrie is seen as a double 
star, but, when viewed with more powerful insfrumcnlg, 
each of these companions are again seen to bo double. lu 
this &} stam there is no distinction in the first division be- 
tween sun and planet, and in the second division there are 
no dijlmctions between planet and satellite. Xi Caocri, 
12 Lvnus, and 11 Monocerotis are clearly double stars 
with a small distant attendant revolving around both. 
Mr. Lassell reports a star, which, with a high magnifying 
power, appears to be triple ; the three companions are bo 
placed as to form a right-angled triangle ; and each com- 
panion has an exceedingly minute near attendant, thus form- 
ing a singular group of six.* Theta Orionio, when duly 
magnified, is seen to consist of four stars, not precisely on 
the corners of a rectangle, and lieneo the group is called 
the trapezium of Orion ; and, at least, two of these stai's 

• Montlily Notices of tlic Koyal Aitionouiical Sociiity, yiii, xsiji., 
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Iiavo each a very minate comjiaiiion. Such sysfems as 
these set at defiance fie application of our familiar classifi- 
cation of snn, planet, and satellite; and show us clearly that 
our classiflcafJOE is arbitrary and not founded on essential 
and fundamental distinctions. Ky these examples we eee 
that a satellite may be self-luminous, and that by position, 
size, and movement, it cannot be distinguished, in some 
cases, from a planet. Even hi our own system, size is no 
ground of distinction ; for one of the satellites of Jupiter, 
and another of Saturn, are larger than Mercury, and about 
the size of Mars, to say nothing of the asteroids. 

We have now reviewed the evidences that tlie earth is a 
star like the planets, and that the planets are worlds lite 
our own ; that the fixed stars are suns, and that suns and 
planets are bodies of the same nature, having no marks of 
dislinctioa between them except such as are arbitrary and 
applicable only to accidental pcculiarjfies in systems like 
ours. All these bodies, whatever be their names, are com- 
posed of matter having the same essential properties. "We 
behold in them all those modifications of matter Tvliich are 
denominated the simple chemical elements, and, therefore, 
wo conclude that the chemical force of attraction and repul- 
sion is acfivc in all the great globes of space. Gravitation 
animates them all, showing its power inversely as the 
squares of the distances. Solids, liquids, and vapors exist 
generally among the stars, and therefore the atomic fcrces 
of attraction and repulsion must be equally prevalent. 
They all move in elliptic orbits, and therefore centrifugal 
force, inertia, and all the ordinary laws of motion, are as com- 
mon among the fixed stars as on the earth. Nothing more 
is nocessaiy to show that on our earth we are really tread- 
ing on a fixed star. Hero we have an opportunity of lei- 
surely ohseiwing how a fixed star appears after its light has 
gone out. And ivhen we calmly survey the bright gems in 
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the niglitly sky, we can tieliold how our own globe once 
appeared. As in a forest we note the progress of the oaks 
from the acovn to the fall tree, some just rising from the 
ground, others vigorous in the sapling growth, and others 
whose trunks are popni&ted with mosses and lichens, and 
whose branches are alive with birds, so we can see like 
stages of progress among the heavenly bodies, our earth 
included. Some are glowing with the fervor of most in- 
tense heat ! others, like our earth, are cooled on tJieir sur- 
faces, and with only volcanoes to fell of their molten 
interiors ; and others, like our moon, are still further oa ia 
tlieir history, where even volcanic energy has become cold 
and dead. Some are invariably bright, and others, like oar 
sun, exhibit comparativeJy small, dark spots on their sides. 
Some at each rotation have their light slightly dimmed with 
spots, others again are dimmed more and more, and still 
others have at each rotation their light entirely hid. At 
last we behold others whose light goes out entii-cly, per- 
haps to be rekindled again by a temporary glow, and to be 
called by astronomers a " temporary star," and then its 
light is gone, dark forever — dark, not to be a dreary soli- 
tude, but in a resarrecfciou mora to be reillumined like our 
eai-tb, with the happy liglit of inlellectual life and social 
enjoyment. 



SECTION V. 

EAHTH WAS ONCE EELF-LOIIN'OUS riKR 



We have already seen that in some systems the planets 
are self-luminous, while in ours they are opaque. Wo 
have also seen that some self-luminovis stars loao their 
light, and thus become dark like our earth, Tliese two 
facts strongly impress the idea that our earth also at some 
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former period lost ita self-luminous power. We now enter 
npon llie work of examining our earth as a fixed star, and 
of gatlierinf; all the proofs wo can find in its eonstitufion tliat 
formerly it shono as Iriglitly as the aim. Geology lias 
tauglit us many wonders of the structure of our globe and 
of ita ancient history during an inconceivable number of 
centuries. We have read these wonders chiefly in relation 
to ourselves and to tlie millions of different species of 
plants and animals that from, time to time have flourished 
on its surface. But now we wiU regard all geological 
facta as so many precious items ia the structure and his- 
tory of a star. We wiU study astronomy in tlie ground 
hencafh our feet. And then having an intimate and a 
thorough knowledge of one star, we shall be the better pre- 
pared to study the otters. As those far-distant orbs slied 
their radiance from all sides on our planet, so we shall find 
that intellectual light may be radiaf«d from oar earth to the 
fixed stars, and that with all their brightness they may re- 
ceive a new glory from our researches in the constitution 
of our globe. 

In proving that our earth once burned as brightly as the 
sun, we will review, first, those facts wliich prove tliat the 
interior of our globe is now so highly heated as to be in a 
melted condition ; and secondly, those facts which prove 
that formcrly.both the interior and the present solid outer 
crust were one molten, flaming mass. 

1. Deep mines in all countries, and on every side of the 
globe, furnish strong and unmistaiablc evidences of the 
high temperature of the interior of our planet. The ground 
near the surface is warmer ia summer and colder in win- 
ter, but after descending a few feet, the temperature is in- 
variable all the year, and this temperature increases the 
deeper the mines are sunk. Wbeu the mines are very 
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deep, tiie heat is more intenso than tho hottest s 
weather. This is the case not only with the air anJ. the 
rocks, but with the waters gushing on every aicle from the 
rocks aad coming from the distant nnderground regions. 
This is proof that the heat cannot by any means be pro- 
duced in the mine itself, but that it is the natural condition 
of the inside of our glohe. 

2. Artesian wells agree perfectly with deep mines. 
The deeper they are bored the warmer are their waters. 
If this were true in a few coontries only we might suppose 
tho heat to be duo to some local causes ; but it is true all 
around the globe, and henco we naust believe that tho in- 
terior of our planet is very highly heated. The t 
increase of heat in a downward direction, both ii 
aad in artesian wells, is one degree for about fifiy-fl 
We can think of nothing to stop this regular i 
heat downwardly ; and according to this ordinary rate, all 
the rocks must be bo highly heated as to be in a melted 
condition at the depth of about thirty miles. It has been 
found that rocks when under extremely heavy pressure, 
require a much higher temperature for their melting point ; 
and it has been rashly concluded that on this account the 
solid condition of the rocks must extend further down than 
thirty miles. But we know that tho freezing-point of 
water maybe lower than the melting-point. of ice. Ice 
melts at 32°, but if water be kept perfectly still, jt& tem- 
perature may be considerably lower before it solidifies 
into ice. In like manner the roeka under heavy pressure 
may require a high temperature for melting, but when 
already hi a fluid state their temperature may, for aught we 
know, be considerably lower before they solidify. To turn 
a solid rock into a liquid, is one thing ; to keep an imraonso 
quiet liquid from becommg a solid, is another. Therefore, 
on the supposition that our globe was once in a fluid state. 
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wc ncLiJ nil conclude that it must lohdifj il the high tem- 
perature requieite for meltiug rocks under exlrenie press- 
ures. 

3. Hot Bpnug^, aomctimc" onlj a httle above the mean 
tcmperaturi, oi the gronud, and sometimes heated to the 
boiling, point, n>>e up from fbc deep intLiior all around our 
planet. They add a powciful connboiation to the truths 
fold by deep mines and irfesim wells 

4. Volcanoes enlai^t '"tillfuithei oui ideas of the inte- 
rior heat of our planet There ire more thin three hun- 
dred actHO volcanoe'f, ind the number ot extinct volcanoes 
is much lirg(,r But as somt. actiie vclcanoe'* have been 
perfectly quitt md cold sctciil contuncs between two 
eruption', •'o some volcanoes now regai led as extinct may 
again burst forth. And besides these, there are in all coun- 
tries huge masses of trap and basalt rock which geologists 
believe to have been submarine volcanoes. Looking, there- 
fore, at the three hundred active volcanoes, at the still 
larger number of extinct volcanoes, and at the trap and 
basalt as having been submarine volcanoes, wc see wonder- 
ful evidences of interior heat. Moreover, these active vol- 
canoes afford evidences that at vast distances, hundreds of 
miles apart, they are connected together by a subterranean 
ocean of melted root. The vast amounts of melted mate- 
rial they cast forth arc also in harmony with tliis idea. 
The streams of lava from the craption of Skaplar Jokul in 
Iceland, in 1783, were fifty miles iu one direction and forty 
in another ; in some places they were twelve miles wide, 
and in narrow glens they were five hundred or six hun- 
dred feet deep. In the Sandwich Islands, in quite recent 
times, jets of lava one hundred feet in diameter and four 
hundred feet high have been cast up aa continued fou'itains 
for ivceks in succcssioa. The huge volcanic cones, two or 
three miles high and thirty miles in diameter, all erupted 
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from tlie interior of the globe, (ell the same tale. Tlie in- 
tensity of this interior heat of oar planet ie illustrated by 
the brightness of the lava, which is often declared to be of 
dazzling whiteness, like the sun. 

5. Earthquakes are always connected with Tolcanic 
eruptions, and tliey are especially frequent and violent in 
all Tolcanic countries. These two facts show their connec- 
tion with the interior heat of our globe ; and as earthquakes 
occur in all countries, they provo the operationa of interior 
heat everywhere. Single earthquake shocks run as im- 
mense waves through very large portions of the earth's 
crust. The great Lisbon earthquake of 1755 shook north- 
ern Africa, all Europe, the Korthem Atlantic Ocean, the 
"West Indies, the Korih American continent, as far west as 
Lake OntaMo, and how much furtlier we cannot tell. We 
can understand Low so wide a shock is possible if the crast 
of the earth floats like ico on an ocean of fluid rock be- 
neath ; but if we regard the globe as all solid, we cannot 
understand how so wide a shock can occur. 

6. The well-known density of our planet lends power- 
ful support to all these other evidences in favor of an ex- 
tcemely high interior temperature. AU substances, whether 
liquid or solid, may bo pressed by great force to occupy a 
smaller volume. The interior of our earth is uader press- 
ure exceedingly great. Even its octer surface is pressed 
downwardly by the atmosphere at the rate of about one ton 
to every square foot. What, then, must bo the pressure a 
hundred or a thousand miles down by all the weight of the 
solid and liquid rocks ! Such a pressure should make the 
globe many times more dense thau it uow is ; and notli- 
ing imparts to my mind so impressive an idea of the great 
intensity of the interior heat as the fact that it can counter- 
act all this inconceivable pressure and keep our globe at its 
present lightness. Its interior must be composed of the 
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hiiatier sort of its elemental such as the sliglitly oxiilizcd 
irou, copper, lead, zinc, and other metals that do not oxi- 
dize, as platinum and gold. This we kaow, tccanae aucli 
heavy materials must naturally gravitaf* toward the centre. 
And yet, heavy as the interior should be, both on account 
of these materials and the esrtraordinaiy pressure, the heat 
is so iotense as to keep our planet comparatively light. 

7. The unaltered length of the days, strange to say, is a 
strong proof of the interior heat of the globe. The tides 
of the ocean, caused by the son and moon, are constantly 
striking against the eastern sides of all continents and isl- 
ands, and forcing them with the eatire globe westwardly. 
Even those tide-waves which strike the western shores are 
only reiounds, after spending their force in the opposite 
direction. This constant force of the tides, Luge cycIopean 
strokes day and night for hundreds of years, should have a 
perceptible iaflnenee in causing the globe to rotate more 
slowly, and hence the days should grow longer. But 
for 2,000 years there has been no lengthening of the days, 
even by the smallest portion of a second. Hence there 
must be something to counteract this tidal influence. This, 
counteracting force is the interior heat of the earth. It is 
slowly radiating away from hundreds of volcanoes and 
thousands of hot springs, and even through the ocean and 
the dry land. This loss of heat canses a contraction of the 
size of the earth, and this contraction tends to add velocity 
to its rotation flx>m west to east. This tendency to an 
increased velocity of rotation just balances the retarding 
power of the tides. Thus the even balance between those 
two opposing forces keeps the rotation of the earth and the 
length of the days unaltered. 

When the interior boat shall be all radiated away, or so 
much radiated as to cause a slower rate of contraction, then 
the tidal inflnencowill be predominant, and the days wifl grow 
2* 
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longer. They will continue to grow longer nnlil tlioio wiU 
be only thirteen days in a year— each iluy a lunar month, 
like a day now on the moon. And aa the same side of the 
inooa is now always turned toward the earth, so the same 
side of the earth will always te fumed toward the moon. 
Which ■will be that favored side of our globe, no one can 
tell ; nor can we tell howmany hundreds of millions of years 
will pass before the coming of that far-distant event. 

8. The igneous rocks. The entire solid crust of our globe 
consists of two classes of rocks, the igneous and the aqueous. 
Their origin is deeply interesting, because just as tlie inte- 
rior is now in a melt«d condition, so the origin of these two 
classes of rocks shows that the exterior also was once in a 
molted condition. The igneous rocks are of various kinds, 
such as lava, trap, granite, and the metallic ores ; but the 
chief one of these, forming ninety-nine hundredths of them 
all, is granite. The evidences that they have cooled and 
hardened from a former melted condition are these : Their 
position is below and next to the region of interior heat. 
On these rocks, therefore, rest all the other rocks ; though in 
varloua places tliey are uncovered and exposed to view. They 
have filled up irregular cracks and cavities in the other rocks, 
the same as a casting fills a mould. They have produced all 
the evideneoB of heat on the other rocks, turning bituminous 
coal into anthracite, limestone into marble, clay slate into 
mica slate, and the ordinary red sandstone into quartz with 
dark earbonaeeous markings. They are crystalline in their 
siructm-e, in such a way as to show a previous liquid state. 
These crystals of granite are of three or four kinds— quartz, 
felspar, mica, and hornblende ; and these could not have been 
formed and placed in their present positions out of a solid. 
They must have beeu formed from a liquid — a liquid from 
fusion by beat. Ordinary lavas from volcanoes, and trap, 
and granite, pass into each other by insensible gradations. 
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Often it is impossible to distinguish lava from trap, and trap 
from some of the forms of graiiit«. Lava may cool very 
suddenly, and then it is not crystallized ; if cooled slowly, it 
ia crystallized, but the grains are small ; trap has cooled 
more slowly, and the grains are larger ; granite has cooled 
extremely slowly, and the grains of crystals are very large. 
As granite is so closely related to lava, and as we know 
that lava has been melted, so we conclude that granite has 
been melted also. From aU these sources of evidence, no 
geologists doubt that all the igneoas rocks have cooled and 
hardened from a former melted condition. 

9. The Aqueous Eocks. These have all been deposited 
as sediment in Ihe bottom of waters, and hardened by 
various cements. The materials of which lliey are com- 
posed, except the carbon, have been derived from the 
igneous rocks, and consequently they were at a former 
period, as we have just seen, in a melted condition. Their 
sedimentary origin is evident in many ways. They con- 
tain the remains of plants and animals, just as such remains 
are now embedded ia the mud. They even present the 
footprints of animals, and the round marks of rain-drops, 
indicating by their fall the direction of the winds. Some 
are composed of coarse and others of fine pebbles, the same 
as if gravel-beds of different kinds wei-o hardened noiv. 
The several varieties of sandstones and clay slates arc Ihe 
same as if our present beds of sand and clay were hoi-denod 
into rock. It is highly instructive to look at the oi-dinaiy 
red building sandstone, andsee the grains of quartz, feldspar,, 
and mica. These show that they have been formed out of 
granite. Many granites partly decompose by tlie action of 
water on their lime, potash, soda, and magnesia, and tiicn 
their grains not decomposed, become cemented again. The 
imoementcd grains of quartz form tha sands on the sea 
shore, and tha lime, soda, potash, magnesia, and ahimiua, 
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liave sought various new combination g. The lime Ims 
mostly Tinitccl with tbo carbonic acicl of the air and of tlie 
water, forming carbonate of lime ; and this Las supplied 
the material for bones, shells, and corals ; and theae in their 
turn hai'e been deposited as chalk and limestone, and con- 
verted into marble. The beds of coal, of asphaltum, of oil, 
and of peat, are easily traceable to the carbonic acid of the 
atmosphere, which is absorbed by planta, decomposed, and 
the carbon secreted in various vegetable forms. The evi- 
dences are perfect tliat the aqueous rocks have been deri^'cd 
from the igneous rocks, and hence the entire crust of onr 
globe has once been, like the present interior, in a molted 
condition. The only exception is the carbon and some 
other gasifiable materials which floated in the atmosphere 
of the ancient fiery world, 

10. Trap Dykes. Those consist of trap or basalt rocks 
rising up from the deep interior of the earth Id the form of 
walls through the midst of whatever other rocks that may 
lie in the regions where they occur. They ai-e geaiirally 
in straight lines, from a few to many miles in length, and 
it is certain that they have been erupted from beneath in a 
melted condition op through long fissnrcs in other rocks. 
Tlie Palisades, on the \\est bank of the Hudson from Pioi-- 
inont to Staten Iiland, are examples; and the eastoru 
uioimtulna in Kew Jersey, extending from ncai'ly the same 
northerly point as far southerly as Somcrvilic, are simOar 
parallel ranges. The peculiar form of these trap dykes, 
long, straight lines, a little roughened here and there, 
strongly favor the idea that the crust of the earth is com- 
paratively thin, that it is subject to rents or fissures, that a 
bed of molted rock lies below, and that these melted raato- 
riiils may be foi-ced up through the craclts. Their frequent 
occuri-oui:o iu iill quarters of the world adds powc;'futly to 
tliis view of the fused interior of the globe. 
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11 Faulfs. Those aro long fissures, often extending 
many miles in iha crust of the earth, though generally no 
moltea materials have been forced up ; but the strata of 
rocks on one side of the fissures have been raised up or 
lowered down more than on the other aide. This raising 
up or lowering down, has been in some cases a few inches, 
in others a few feet, in others a few iundred feet, and in 
others a few thousand feet. It is impossible that the crust 
of the earth should be raised up or lowered down, in this 
pocuKar manner, tlu-ough a great extent of country, unless 
there he an ocean of liquid rock below. 

12. The Risiaff and Falling of the Earth's Crust. Vari- 
ous regions of the earth s crust are now kno vn to he risiu^ 
up or settling down The most colebratel ot fl cse arc tl e 
western coast of So ith America Greenlinl and bvelun 
The Aflantic coist of Koith America south of Bo=ton la 
being very slowly depre«st.d These changes of level an 
not be caused by alow espjusun and coatrietion in the 
rocks below fiom grtlual chan^^us m the sibt rrancm 
temperature, becau e lomeot thesv, elevat ons of siifieo 
on the west coast of houth Ami,rica, have been sudden, 
several feet at once for a hundred miles or more, Neither 
can they be caused by the sudden formation of subterranean 
gases, for these elevations remain permanent. Tbo whole 
continent, with the mighty Andes, is in the slow process of 
elevation, as is proved by the raised seafbeachca and other 
marine objects handreds of feet high. All the present 
elevations all around the globe aro but continuations of 
former elevations which have lifted above the waves tlie 
continents and islands and tlie cloud-capped mountains. 
The floors of the oceans are slowly going down. The coral 
islands began to be formed with their present bases near 
the surface of the water. Now these bases have sunk 
down snvoral tbounand feet ; tbc sonnding lines have fjiilcd 
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as yet to tcl! how many thousand But the coi il immila 
Iiavo kept boiliZing up the tops of tlicic islands a** fi't at 
their i'onndatious hare eiink down , aad now then sidta 
present an almost perpeniiiculir ■wall The grettijat eleri- 
tioo of land is a little more thin five miles and tht, great- 
est depression of the oceaa floor is inppoBcl to be abcut 
seven miles. Therefore, the veitieal movements la both 
directions, added together, have amounted to twelve miles 
The great risings and fallings of the earth s crust presup- 
pose a liquid mierior to make such risings ind lallmgs pos- 
sible, 

IS. The Oblateneis of the Earth The polar diamctLi 
of our planet is about twenty six miks shorter thin its 
oqnatorial diameter, and this is the precise amount due to 
the earth's density and ^elonty of i jtation The peciimr 
shape of our globe, fherelcre, is exactly siii,h is it must 
have acquired la coohng from a former hfjuid condition 

li. Lateral Pressure. Everywhere there are evidences 
among the rocky strata of great pressure in a horizontal 
direction : it may bo called lateral pressure, for distinction 
from the vertical pressure. If we place on a table a quire 
or two of paper, somewhat dampened to make it flexible, 
and then preae inwardly against the edges of the sheets, 
they will bend in waves up and down. Such appearances 
arc common, especially among gneiss rocks. As this sort 
of pressure occurs aU around the globe, there must be some 
widely pervading cause, and the discovery of that cause 
lends a powerful proof of the cooling and hardening of our 
globe from a former melted condition. All liquids expand 
and contract by changes of temperature much more than 
solids ; thus the liquid mercury in the thermometer goes up 
and down because it expands and contracts so much more 
than the solid glass. After a crust Iiad been hai'dencd on 
the outside of our globe, it was like the bulb of a Ihorraom- 
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ctcr. By a further tmd a continued cooling', the liqiiiil 
interior contracted more tlian the solid exterior. The crust 
was then too lakge I But it must accommodate itself to 
the shrinking fluid, and hence lateral pressure. It must 
squeeze up into a smaller circle, and like the dampened 
paper on the table it must rise and fell in waves. In the 
entire history of the physical creation of our glohe, there is 
not a more promiueut fact than this ; none that has been 
attended with more striking consequences of various kinds, 
none that proves more stroQgly the former fluidity of our 
planet. 

15. Dry Land. In the beginning there was no dryland; 
all the surface of our planet was water. This is proved by 
the marine character of all the fossil plants and animals in 
the earlier strata. And God said, Let the waters be gath- 
ered together in one place, and let the dry land appear; 
and it was so. This was done simply by cooling and by 
Ihe contraction of the liquid interior more than the solid 
crust. That croet by lateral pressure was waved, rising up 
in some rc^ons and settling down in others. These risings 
formed the continents and islands, and the settlings down 
formed the ocean floors. 

16. Mountain Chains. These also bear witness to the 
f()rmer fluidity of our planet, and to its gradual cooling and 
contraction. They arc but the upturned edges of a fissure 
in the crust of the ctu-th. These fissures, as we have already 
seen in the trap dykes and faults, are in general long, and 
not far from a right line. When by Lateral pressure a wave 
in the crust of the earth is bent upward, that wave in such 
rigid materials is liable to become a crack, a very long 
break iu the solid envelope. By long-continued lateral 
pressure the edges of that fissure may be forced over each 
other, and become turned up and thrown in confusion. This 
violent disriiplion and elevation is a mountain chnin. It 
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Speaks eloqnently of its origin aad llie past fiery history of 
our globe. 

17. The prevalence of Hot Springs in Mountain Cliains. 
Althougli moBntaina are always cold and often covered with 
eternal snows, even in eqaatorial regions, yet they are tho 
favorito homes of hot springs. This anomaly may bo 
solved by the consideration that mountains are but the up- 
turned edges of fissures in the earth's solid crust. Through 
these fissures the interior heat of our globe has an oppor- 
tunity to rise toward the surface. Hence the waters heated 
in these crevices appear soon on the surface as thermal 

18. Volcanoes in Mountain Chains. All around the 
globe the special seats of volcanic action are in mountain 
chains. They rise up from one end of the Americao con- 
tinent to the other, through the great ranges of the Andes 
and the Koeky Mountains. The backbone ranges of long 
islands, as Sumatra, Java, and Japan, are other instances. 
But all these should be the very last places to look for vol- 
canoes, if mountains were simply thicker portions of the 
eartli's crust, if, on the other hand, we take the views of 
mountains just given, and regard them as the upturned 
edges of fissures in the crust of the globe, we can at once 
understand how the heated molten interior should Cud a 
liiost easy exit in such localities, openings ready made 
(viiere it can burst forlh. 

19. The Tarallelism of Mountain Ranges. It is quite 
common for mountain ranges to be not single, but for two, 
tliree, or more ranges to run side by side, with lon^, beau- 
tiful valleys between. In Pennsylvania the ranges seem 
like so many ocean waves. It is more or less the same all 
over the ivorid. This is (he natural result of lateral press- 
ure J the same as in our paper on the table wliile pressed 
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edgewise, there appears not only one, but many ridges and 
fuiTOws ruaning side by side. 

20. 'Mountain Chains through the centres of Long Penin- 
sulas and Long Islands. These tell the same story of lateral 
pressure from the more rapid contraction of the fluid interior 
of the globe. Such mountains, like huge backbones, are con- 
spicuons through the following long islands and peninsulas : 
California, Cuba, Scandinavia, Italy, Sardinia, Madagascar, 
Sumatra, Java, New Cruinea, Niphon, t!ie Malayan penin- 
Buia, and many others. All the islands and peninsulas are 
simply the elevated curves in the waves of the earth's crust. 
Lateral pressure forced them upward, and a break occurred 
in or near their centres, just where on mechanical principles 
a, break was most likely. The edges of that hreak have 
been forced against and upon each other in wild disorder, 
as we behold in mountain crags. It is easy to under^ 
stand in such cases how the mountain chains and the coast 
lines must bo in the same direction. These islands and pe- 
ninsulas are waves, and the mountains are the broken crests 
on those waves. 

21. The Parallelism in Continents between their Moim- 
taia Chains and their Coast Lines. This is a remarkable 
feature in the great framework of the globe, and it leads 
directly to the cooling of our planet, from a former 
state of fluidity. The Andes and the Eocky Mountains 
hold the same directions as the Pacific coast, and the Appa- 
lachian range in Noi-th America and tUe Brazilian Andes 
in Soutii America conform to the neighboring Atlantic 
coast. A mountain range also confoi-ms to the northern 
coast of South America. The Atlas mountains in Africa 
run parallel totlie shore of the Mediterranean; and another 
great range, recently discovered, rans from Abyssinia to the 
Cape of Good Hope, parallel to the shore of the Indian 
Ocean. In Europe we have seen a similar state of facts in 
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its large peniosulas. In Australia the chief mountain range 
runs paxallel to the eastern coast, at no great distance. In 
Asia we have seen similar facts in its great peninsnlas. In 
Hindoatan the two Grhaut mountains run parallel to the 
eastern and western coasts. If wc look at the map of Asia, 
we win see that several nearly parsillel niountain chains 
extend from end to end in tte direction of the greatest 
length through that continent, beginning near Eehring's 
Straits and ending iu Asia Minor. Regarding Europe as 
but the continuation of Asia, we see the general continuation 
of the central Asiatic mountain elevations through central 
Europe. 

There must be some world-wide cause for the general 
recnrrence of such great phenomena, and lateral pressure 
60 often repeated is snch a world-wide cause. Continents 
are only large island'*, and the very cause which elevates 
a mountain lengthwi&e through the middle of an island or 
peninsula must do the same through a continent. Only 
the continents, being larger, must have a larger number of 
waves of elevation, and hence in the two Americas a moun- 
tain range feces each ocean. Hindostaa, being a broad 
peninsula, has a mountain facing each coast. The broad 
peninsula of Spain has several parallel ranges in the direc- 
tion of its greatest length. The broad continent of Asia 
has several parallel ranges lengthwise through its centre. 
As the entire liquid interior of the glohe contracts, so the 
entire solid exterior must be furrowed witli waves, and 
there must be much longer and higher waves in continents 
than in narrow islands. These waves must run parallel 
with the trends of the continental shores, for the same rea- 
son that they run parallel to the insular and peninsular 
shores. Bat our globe being round, there mnat be some 
contraction of continents iu every direction. Hence the 
Ural anil Eeloor moantoius in Asia are nearly at right an- 
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gles to the general mountaia trends of that continent . They 
represent the contraction of Asia in length. The same 
fact is represented in the American continent, hy the down- 
ward bend in the central part, cutting it almost in two, and 
by the npward bend from east to west along the northern 
shore of South America, 

22. The Position of Mountains on High Table-lands. 
Ordinarily, when we hoar of the heights of mountains, we 
do not hear of their heights abore the surrounding plains 
at their bases. These bases are generally elevated above 
the ocean level as high as the mountain tops are elevated 
ahove their bases. The table-lands of the Eocky moun- 
tains are 8,000 feet above the level of the sea. How has 
it happened, in the creation of the world, tliat lofty moun- 
tain chains are perched up on lofty table-lands? The rea- 
son is to be sought in the cooling of the liquid interior of 
our planet. This causes lateral pressure and waves in the 
solid crust. The same lateral force which raises up (he 
mountain, raises up the high table-land. The table-land is 
the top of the wave on which the mountain is the erest. 

23. The Greatness of the Features on the Earth's Snrface. 
The chain of the Andes and Eocky Mountains, with frequent 
volcanic eruptions, extends well on to 9,000 miles. The 
whole American continent is only a single feature of our 
globe. Tlie high table-lands and the associated mountain 
chains running through the Asiatic continent, with volcanic 
and earthquake forces in operation through the entire range, 
are but a single feature, and must be referred to a single 
cause. Tlie Atlantic Ocean is the single downward curve 
of a wave between America on one side and Europe and 
Africa on tlie other. The Australian and the PoljTiesian iield 
of islands reaches from eastern Asia nearly across the Pacific 
Ocean. To prodnee such comprehensive, such world-wide 
features on the outside of onr planet, there must bo a cause 
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in operation equally comprehensiYO and grand. Wo beliold 
a cause precisely of this character in tlie shrinking of tlie 
fiiiid interior and the consequent lateral pressure and fur- 
rowing of the exterior. This is a universal caosc, and this 
corresponds precisely with the world-embracing featnrea 
under onr review. As lateral preaaure operatea at once 
around the entire globe, it can raise ita wayea measuring 
thousands of miles in length. 

2i. The former High Temperature of the Atmosphere. 
The fossil remains of plants and animals that lived in an- 
cient geological periods, indicate a tropical climate in all 
latitudes. Even in high northern latitudes the trees showed 
no marks of annual growth, which are produced by the al- 
ternations of winter and summer. This tropical climate 
everywhere "was probably produced by the inferior heat 
of our globe, wliose crust has now become too thick to 
allow so abundant an escape of heat out in the air. It lias 
been supposed that all the lands in these old periods might 
have been located in tropical or sub-tropicaJ regions, and 
that such a location would have produced a universally 
warm temperature. But this supposition is inadmissible, 
because the land plants and animals, and those living in the 
sea, near the shore, in those ancient geological times, have 
been found in high northern latitudes, proringthat the land 
was located then very generally as now ; though, probably, 
the amount of dry land then was not so great as now. 

25. The Causes of Earthquakes and Volcanoes. The 
heat of volcanoes, their favorite scats on mountain chains, 
and the connection between volcanoes and earthquakes, we 
have regarded as evidences of the interior heat of our 
globe. But the causes of earthquatea and volcanoes 
should be regarded as a distinct argument. From the eon- 
traction of the fluid interior of oar globe, and the consequent 
lateral pressure and furrowing of the exterior crust, the 
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upward CTirve3 o£ fhat cmst must be raised above the hy- 
drostatic level of the fluid interior, and the downward curves 
must be pressed below that level. The groat weight of the 
upward curves must teud to press the dowuward curves 
still farther below that level ; and hence the fluid interior 
must be forced up through any openings it may find in any 
curve below the natural hydrostatic level. But as the down- 
ward curves of the solid crust may force the fluid rock 
above its natural hydrostatic level in the upward curves, so 
there may be outbursts of this fluid rock in the form of lava, 
far above its natural hydrostatic level — even in mountain 
tops. This fiirciag and jetting upward of the fluid rock 
beneath, must take place especially when by a movement 
of the crust a readjustment is made between the solid 
above and the ever-contracting fluid below. That ad- 
justment in so thick and rigid a crust cannot always be 
made gradually, A sudden cracking and breaking must, 
now and then, be suffered. These sudden commotions are 
earthquake shocks, frequently attended with terrific vol- 
canic eruptions. The melted rock or lava, by these sudden 
lowerings of the crust, is forced up through in the air, not 
always neai- where the settlings of the crust occur, but per- 
haps hundreds or thonsauds of miles distant, perhaps on 
the very opposite side of the globe. In this way we can 
account for such great overflows of lava as that of Skaptar 
Jokul, in Iceland, and those of the Sandwich Islands. In 
this way also we cau account for the great masses of some 
volcanic mountains, as those of .^tna, Cotopaxi, and Qiim- 
borazo. They have left no hollow space down below equal- 
ling their own size, because the fluid interior fills up the 
vacancy. Besides this general cause for earthquakes and 
volcauoes, there may he other minor local causes from the 
effects of the interior heat on gaseous substances, like car- 
bonate of lime, and on the water that may And its way 
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down tlirougii fissures. Hence immense volumcg of steam 
and gases sometiroea explode, with deafening noise, canning 
rocks and ashes high wp in the air, 

26. The Geological History of the Dry Land. ITiis his- 
tory shows that in the beginning the solid cmst was of the 
same size as the fluid interior, and consequently even and 
IcTel all arouDd the glohe ; that soon the flaid interior began a 
process of contraction far more rapid than that of the stilid 
esterior ; that a furrowing of this solid crust also then be- 
gan ; and that this contraction of the fluid inferior and this 
furrowing of the solid exterior, have since been going on 
continually. The process is actiye in oar own day. It is 
wonderfnl how all the great leading facts of geology sup- 
port this view. That the extorior crust was at first level, 
and perfectly conformable to the liquid surface, is proved 
by the fact that then there was no dry land. Ko furrow- 
iugs of the solid exterior arose permanently above the ocean 
level ; and this state of things continued during the Cam- 
brian and Silurian periods. Eat the furrowings proceeded so 
far as firsttoshow their tops above the waters during the Old 
Eed Sandstone and Coal periods. The forms of the early 
fuiTOwinga were perfectly characteristic of our theory ; for 
the dry land, during the coal period, consisted of very low, 
level, moist islands, A still further furrowing, that is, a 
greater depression of their downward curves, and a greater 
elevation of their upward curves, put an end to the CoaJ 
period. Mountains of moderate elevalion then fii-st began, 
such as our Appalachian range. But as the process of cool- 
ing, contracting, and furrowing went on, the surface of our 
globe became more and more diversified in hills and moun- 
tains. Hence new tribes of animals and plants were from 
time to time created, and adapted to these new conditions. 
At lengfh, much higher mountains were raised up, as the 
Andes, the Eocky Mountains, the Alps, and the Himalayas. 
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TliL^c aic ail ntw mountiins ra the ■world's history, bc- 
cauie their fossil n,maiiis show that they are formed of 
strxf'k whith were still below the waves during the later 
Setondaiy an'l Tertiary pciioda Tliese elevations of the 
upward curves and the deprtssion in the downward curves 
aie aiiE goin^ on, bLCau-iO all round the globe, raiaed-np 
si'a beaches are seen fiom point to point, at higher and 
higher lovels above the piescnt ocean sliorea. Shells, of 
species now livmg, are tonnd entombed in strata many 
hundred feet high. We may here recall to mind what has 
already beea said, a few pages bacfc, about the risings and 
fallings of the earth's crast io our own day. 

The bearliigs of all these facts are very strong in oar 
argument. They are exactly such as are necessary on the 
supposition liat our globe was once a fiery, liquid mass, 
with its fires just burned out. Its heat must then radiate 
away, a solid shell must harden on its surface, the fluid in- 
terior must contract more than the solid exterior, that ex- 
terior must be pressed into furrows, an elevation must rise 
hoi-c, and a depression must sink there. As time rolls on, 
and the heat radiates more and more, the furrows become 
greater. The surface of our globe becomes more and more 
diversified ; and in accordance with these ever-advancing 
conditions, more diversified forms of plants aad animals 
are called into being. 

From this survey of the history of the dry land it seems, at 
first view, that when a continent or a large island begins to 
rise above the ocean level, it should keep on rising steadily, 
and always grow broader and higher. But there are facts 
enough to prove that dtiring this general rise there have all 
along been occasional depressions of the laud with reference 
to the ocean level ; that some of these depressions have been 
universal around the globe, and that others have been local. 
Both these kinds of depressions must now be explained. We 
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must boar in mind that our eartli is a globe, and that its 
solid siiriaec, whether above the water or under the water, 
13 convex. la its general furrowing, some of its upturned 
curves may be beneath the ocean. Now, in contracting 
aad inercasing its furrows, some of these upturned curves 
beneath the ocean may be raised higher This would bo 
raising the ocean bed an 3 cans n,, the waters to overflow 
the dry land all a ound the a^obc pro d ng that this dry 
land had not also be n ra sed at he same time. Hence 
there would appea to be a un ver il dej c sion of the con- 
tinents and theislinl when m fac none had occurred. 
The ocean level relatively has risen , the dry land has been 
stationary. 

These elevations of the ocean and these apparent tem- 
porary depressions of the land have taken place from time 
to time, since the earliest geological hist y D r ng (lie 
periods of depression, deposits of sed mcnt t-iko place on 
the submerged flanks of continents and islanls The de- 
position of sediment cannot well be pei i anent oa a slowly 
rising coast, except in some few small iavorud 1 calities, 
because as the bottom rises it becomes exposed to the grlnd- 
iag power of the waves and currents. These wear it and 
carry it away. Therefore, the several great geological for- 
mations since the Silurian, must have been deposited during 
these periods of apparent continental depression. Tlie gen- 
eral process of continental formation ia one of elevation. 
As we have jeen, the land is rising higher and growing 
broader. The time altogether has been immense. But the 
periods for depression were comparatively short, oeetirring 
only now and then, during the long process of creation. If 
animals and plants have been slowly chan^ng their forms 
from the first creation until now, we muot uot look for 
many evidences of tliose changes from the beginning to the 
ending of any one geological fonnailin, besauii those 
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periods have been comparatively eh. rt We iJ ould look 
for the progress of these change ra her n h 1 ng n cr- 
vals between the periods of appa nt lojr 9 n or in 
other words, between the season for he d j os oa of ho 
several great formations oa th bn I fl nka of he 
continents and islands. 

We will now attend to th 1 al 1 u he 

earth's crust. Let 1 

the straight line 
represent tli 

level and let the smooth curved I ne repre ent the con- 
tour of a continent. Then as coo „, auT on n^, and 
furrowing goes on, the contour of the continent will be rep- 
resented by the dotted curved line. At a, it has been 
elevatedto 4; but at S, it has been depressed to S. Hence, 
for a small distance, the continent, -while generally rising, 
has been laid under water temporarily. Its deficiency of 
rise just there may have been caused by some weakening 
of the crust by interior heat or by Assures, and hence a 
depression. Or the bearings of the mechanical lateral 
pressure may have been such as to lower that part. In 
the great strain of this lateral pressure we can see how fur- 
rowing must occur ; but we know too little of the bearing 
of part upon part in the unhomogeneous, irreguhir, and fis- 
sured crust, to say that every spot must keep on in a regular, 
continuous rat« of rising ; or to say that in this tremendous 
struggle there may not be local oscillations, in a continent 
which is generally rising. We cannot say that the rounded 
back of a continent must always keep the same cni've. 
The general ciu've may keep on, but It has in'egularities ; 
and these irregularities may not necessarily always i-emain 
the same. Hence, iu a general rise, tliero may be a few 
local depressions. 

27. The Larger Amountof Land in the Northern tlian in 
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the Soutliem Hemisphere. This fact is always promiacntly 
portrayed by geographers, but by geologists it bas hitherto 
been passed by -without any attempt at esplaaatioti. An 
explanatioTi, however, may he perceived, if we regard our 
earth as a star, and attend to its astronomical relations dur- 
ing the period when the solid crust began to form over the 
fused interior. Such an explanation must confirm the 
theory that our globe was once in a fiery condition, like the 
sun in the heavens ; and for this reason it must be intro- 
duced here. . 

The amount of heat the earth receives annually from 
the sun is very great ; but during a day in that period when 
the earth is at or near its perihelion, it receives a larger 
qiiantity than the average, by one-fifteenth of the whole 
amount. This excess of heat is received at the present 
time on the southern heraiaphere. As the axis of the earth 
makes an entire revolution in the direciioa toward which 
it points once in 25,868 years, therefore there is an alter- 
nation once during that period in the exposures of the two 
hemispheres to the sun during the season of perihelion. 
But we wUl suppose when the solid crust was first formed 
and still very thin, that the position of the axis was the 
same as now. It is true that both hemispheres receive 
during the entire year the same amount of heat ; the eseesa 
of the southern in summer is equalled by its deficiency io 
■winter. Still, daring the season of perihelion, the south- 
em hemisphere now receives more heat than is possible for 
the northern hemisphere to receive with the axis in its 
preseut position. It has a greater intensity of the sun's 
rays, as just stated, by the one-fiileenth of the whole 
amount. Kow, what most have been the effect of this ex- 
cess of heat on the farrowing of the thin crust? It is easy 
to understand that, in the contraction of the fluid interior, 
the. weakest pai'ts of the ciu'th's enlist must si'tiU' down. 
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Think of the thin, solid crust, as being too large to repose 
on the fluid interior. Its arch-like form will tend to hold 
it up ; but the arch is too flat, and the crust too thin and 
wealc to sustain itself, and therefore there must plainly he a 
caving-in somewhere ; and that portion must cave in which 
is tlie weakest ; and that must be the weakest which is 
exposed to the most intense heat. Even wrought boiler- 
iron is weakened and made more liable to fracture and ox- 
plosion by heat. Once every year the yet tender crust of 
the southern hemisphere must be more exposed to heat, 
and, consequently, mast be weaker than it is possible for 
the northern hemisphere to become. Therefore, in the ad- 
justment in size of the solid cmst to the contracting fluid 
interior, the southern hemisphere would be the first to cave 
in. In the great process of furrowing, that hemisphere 
would be in a downward curve. Lateral pressure would 
force it down still lower — even below the hydrostatic level. 
Therefore, the ocean would more extensively cover that 
part, and the great body of dry land would lie in the north- 
em hemisphere. And thus we perceive that the great pre- 
ponderance of land in the northern hemisphere is due to a 
former fused condition of our planet, and to its subsequent 
cooling in special astronomical relatione. 

28. The History of Animal and Vegetable Life on the 
Globe. This wonderful history agrees perfectly with a for- 
mer fused condition of our planet, and a subsequent cool- 
ing, contracting, and furrowing. For the sake of brevity, 
this agreement will be summed up in the following four 
particulars : 

Firstly. The history of life on our globe points to an 
early period when life here had a beginning ; and, of course, 
to a previous period, when terrestrial life did not exist. 
As we review the forms of life, both vegetable and animal, 
from our own day backward through the long tracts of time, 
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or rather of eternity we p^'iccuo a gn dual simplification 
of these forms the f irther we go back From then preseot 
hi^h oiganization then- is a regulir descent to a former 
very low and 'fimple condition This Yiew brings os to a 
^ inifhrng point of oiganizc I life Although we see it not, 
yet ■we may form an estimate of wheie it is Just as we 
miy form a rude id(.a of the tcimmition and height of a 
pyramid by observing how it becomes le s anl l^fs in an 
upwai i diTi^ofion — even though its top be eni eloped in 
clouds — ^0 we may form a rou^h estimate of the period for 
the begmmng of 1 fe on our globe by olaerying how, in 
going backward, bfe becomes less an lle'is complicated in 
organization even though no remains of the first plants 
anl immils be f< und Thi*! peiiod for the 1 egmning of 
tenestnal life tiUiei LXictly with that when a sohd crust 
first cooled, and lUowcd a 4 iflicicntly low temperature for 
organized bein^ 

Secondly Ihe hiwtory of hte on oar glibe shiws that 
animals ind ve etables be^^an m the w iter All the early 
fossil remami are mirme Thia agrees ■with the process 
of a cooling gkhe from a former me!ti,d state At first, it 
could not have been furrowed enough to form dry land. 

Thirdly. The auimals and the vegetation of the Coal 
period show that then the land consisted of large, low, 
level, moist islands. The theory of a cooling globe re- 
quires that this must have been the very form and condi- 
tion of the first land. 

Tourthiy. The history of life on our globe shows that 
organized beings were at first very simple in their forms, 
and that ever since then they have become more and more 
diversified, and adapted to new and more diversified condi- 
tions. This agrees ■with the law of cooling, contracting, 
and furrowing. The entire crust of the globe, both above 
and below the ocean level, is becoming more diversified iu its 
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conditions The lauds are being raised higher, new valleys 
are bting iormetl, and the mountains arc becoming more 
numeioua and more elevated. This process of diversifica- 
tmn has been going on since dry land first arose. Now, it 
IS a great and significant fact, that a parallel process of 
diveiDiflcation has boea going on in animal and vegetable 

Thus, m looking briefly thongh broadly at tlie history 
of life in these four particulars, we see how it lends sup- 
port to the view that our earth has cooled from a former 
melted conditiou, 

"We have just reviewed twenty-eiglit facts, or rallior 
classes of facts, to prove that the interior of our globe is 
now so highly Leated as to he in a melted condition, and 
that formerly the exterior also was bright and fiery like 
the SUB. These many facts or classes of facts are all essen- 
tial and fundamental. They embrace all the chief features 
of our globe, and thus all its leading features proclaim its 
gradual cooling i'rom a primitive state of igneous fusion. 
No small matters are introduced here. All are vast, world- 
wide phenomena, and all bear with a powerful and compre- 
hensive grsisp on the argument. Let us pause and consider 
for a moment their world-embracing scope. They are these : 
Deep mines all around the globe increasing in heat down- 
wardly at the rate of one degree for about flfly-five feet ; 
artesian wells everywhere repeating the same truth ; hot 
springs boiling up in all conntries ; hundreds of volcanoes, 
and situated on every side of our planet, sending up the 
liquid rock often as bright as the sun ; earthquakes in et'ciy 
country, but especially connected with volcanoes, and thus 
proving their conne^on with the interior heat ; the want 
of density according to the great pressure on the interior 
of our planet, showing the mighty repulsive power of the 
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heat within ; the unaltered length of the days, indicating thai 
the escape of the heat and the consequent contraction just 
balaBces the tidal influences from the sun and the moon ; the 
igneous rocta giving unmistakable evidence of having cooled 
from a former molten condition ; the aqueous rocks plainly 
derived from the igneous rocks, and thus showing that tlie 
entire solid crost has once been fused the same as the deep 
interior ; the trap dykes revealing former straight fissures 
many miles in length in the solid crust of the globe, with 
the liquid interior oozing through ; the faults, where the 
settling down of one side of a long, straight fisshre, indicates 
a liquid interior to allow such depression ; the risings and 
fallings of the earth's crust, which, by their suddenness in 
many cases and by their permanence, presuppose a cooling 
and contracting interior ; the appearances of lateral pressure 
around the entire globe, and explainable by tlie law that 
the liquid interior in cooling must of necessity contract 
taore rapidly than the solid eiterior, thns producing lateral 
pressure and waves or furrows in that exterior ; the elevation 
of the dry land, especially in the period when it arose, not in 
the very beginning nor at a very late day in the world's geo- 
logical history, but just when cooling,, contracting, and fur- 
rowing, ought first to have brought it above the waters ; 
the mountain chains in long lines exhibiting the broken and 
upturned edges of fissures in the solid crust ; the prevalence 
of hot springs in cold and snow-capped mountains, confirm- 
ing our convictions that mountains are fissiurcs itt the exter- 
nal envelope of our globe where the heat can most easily 
come forth ; the favorite homes of volcanoes in mounlain 
chains, akia in their evidence with that of hot springs ; the 
parallelism of mountain ranges side by side like parallel 
ocean waves, just as lateral pressure actually waves or fur- 
rows a dampened quire of paper ; the mountain chains 
through the middle of long islands and peninsulas and also 
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lengthwise through continents, precisely where lateral press- 
ure should place them ; the parallelism between mountain 
ranges and coast lioea poiatiag out lateral pressure as the 
same cause for the origin of the mountain and coast line ; 
the positions of mountams on high table-lands, lifce crests 
on the tops of waves, just where the fissures ia the upward 
bent crust of the earth should occur, and where by lateral 
pressure the broken edges of that crust should he piled up in 
wild confusion ; the greatness of the features of the glohe, 
requiring an operative cause like contraction coestensive 
with the globe ; the former high temperature of the atmos- 
phere, most easily explainable by the interior heat coming 
through when the earth's crust was yet thiu ; th.e causes of 
earthquakes and volcanoes, plain and easy to be compre- 
hended when we think how the solid crnst must by jars and 
breaks accommodate itself to the shrinking fluid interior, 
pressing its downward curves in that fluid and causing it 
to rise ; the geological history of the dry land, showing that 
one continued process of cooling, contracting, and furi^owing 
has been going on from the beginning when the earth's crust 
was even and under water, to the present period of high 
continents crowned with higher mountains ; the greater pre- 
ponderance of dry land in the northern hemisphere, which 
accords with the circumstance that the first furrowing of the 
earth's crast took place when the southern hemisphere was 
turned toward the sun while in perihelion ; the history of 
animal and vegetable life on the globe, proving that terres- 
trial life had its beginning at a definite period in the world's 
history, that that period occurred when the temperature 
was first low enough to admit of organization, that then tlie 
crust of the earth was not yet sufficiently furrowed to elevate 
the dry land, that the first land consisted of low, level, moist 
islands, precisely according to the law of cooling, contract- 
ing, and furrowing, and that since then both plants and 
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auimals Lave become all along more and more diversified 
in llieir organizations, In harmony with the greater and 
greater diversification of the earth's surfaec. 

Undeniably this array of facts ia extraordinary for theii 
number, their greatness, and tieir direct bearing on the 
point. To all these there are no opposing facts. The 
whole world in all its departments, both in its past history 
and its present condition, speaks with one language, clearly 
and forcibly bringing us to the period when it was a fused 
luminous planet. WhOe all these facts point backward to 
the very ancient period when the star on which we live was 
in a bright, flery condition, we must regurd this truth chiefly 
as an astronomical truth. Its astronomical bearing is its 
highest bearing. It adds one more to the catalogue of lost 
stars. As other stars have lost their light and ceased to 
twinkle in tlie bine sky, so we learn, by this examination 
of the star beneath our feet, that this also once stone 
brightly, and then arrived at a period when it lost its inde- 
pendent luminosity. As around other suns there are revolv- 
ing planets, still shining with their own independent light, 
so we Icam by these facts that our own planet was once as 
independent in light-giving power as they. But the great 
astronomical bearing of" the present investigation is still to 
be unfolded. We may now learn what heated and lighted up 
our globe in star-like splendor. And knowing this, we are in 
the legitimate way for learning what lights up the sun and 
tlie other stars. We now see the value of the facts form- 
ing the introduction to this volume, and collected there in 
large numbers, to prove that our earlh is a star ; that essen- 
tially there is no distinction between fised stars, suns, plan- 
els, and satellites ; that all are fandamentally of the same 
nature, however they may differ in minor features. There- 
fore, if by an examination of one star we can learn the 
cause of its light and its heat, we have the very best foun- 
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dalion for learning tho cause of tho light and the heat of ail 
the other stars. 



PE00F8 FEOM CHEMISTKY THiT THE EAKTIt ' 

LOMINOtrS. THR CAUEE OF LIGHT AND UKAT OF THB EiETU 
AND OF THE OTHBE STAEa 

The science of Chemistry teaches very clearly, from 
the earth's composition, that in the early history of our 
globe, it must necessarily have been on fire, first in a gas- 
eous, and then in a liquid state. The argument is embraced 
in the following five propositioos : 

Proposition First. The elements which compose our 
earth are of such a nature, that their chemical combination 
must produce heat sufficient to melt, and even to vaporize 
or render gaseous, the entire globe. These elements ore 
about sisty-three in number, and the possibility of their 
existing in a gaseous condition, is illustrated by the fact 
that if they were now uncombined at ordinary temperatures, 
about half of the globe would be in a gaseous state. 

Proposition Second. The elements of our globe have a 
most powerful tendency to combine and bum. Their com- 
bustibility is one of the most beautiful and wonderful de- 
partments in the science of chemistry. Phosphorus 
bums quietly in the open air, and so does even lead if 
finely divided. Iron in the form of steel burns most bril- 
liantly in osygen. Pulverized antimony and some other 
metals bum vividly if thrown in the gas chlorine or the 
vapor of iodine. Potassium and sodium take fire if thrown 
on water. Silicon forms nearly one-fourth of the globe, 
and oxygen forms nearly one-half; and the two unite aud 
bum spontaneously. The burning quality of sulphur is 
well known ; and oiygen and hydrogen unite with the most 
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intense of all heat, except tliat of electricity ; the ashes or 
residue they leave ia ■water. The common salt we eat is 
but the ashes of a mo^t \joIent combustion hetwecn chlorine 
and sodinm. Indeed, the first and most rem'iikable prep- 
erty of the elements ot our planet is to comhine and burn 

Proposition Third The elements or simple mati-iiala 
composing our globe, are evciywhcre in a combmid or 
buracd conditioa ; th^t is, they now e^ist as the aihus of a 
former great conflagration. As ccitainlj as a hcip of 
ashes convinces ua ot an amount of burning ati ordin^ to 
its size, just so certainly do the matenib of oui globt con- 
vince us of an amount of burmng according to the size 
and weight of our planet. 

Besides these evidences arising fiom the general com- 
bination of tbe elements, there are two spen il facts cxcctd- 
ingly impressive. One is, tint some of the elemoata aio 
only partially burned As iround a building burned by 
fire, we see here and there a half-burned or hilt-chirred 
fragment, and porliona of a wall still standing, so among 
the fuel of the great conflagration of the globe, we see 
here and there a portion half-burned, or ^>carcely burned at 
all. Much of the iron, for instauee, is only partially con- 
sumed ; instead of appearing as a pei oxide, it is often only 
a sesquioside. Copper is otien nearly unscathed. Such 
materials have been partially protected from the flames, 
and we readily see how this has happened. They arc nat- 
urally heavy, and have settled away from those light gas- 
eous elements with which thoy would readily have com- 
bined. The lighter elements, as carbon, boron, silicon, po- 
tassium, sodium, calcium, aluminium, sulphur, phosphorus, 
and the lite, are invariably combined, thoroughly burned, 
except where agencies are at work, as in trees, separating 
the carbon, and, in volcanoes, decomposing the sulphur 
compounds and setting the sulphur free. 
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The otlici; special fuct is that tliose elements, which 
would remain t^eparated and uncombiaed in a conflagration, 
are now found really aeparated. They are very significant 
in their evidence. Among these are gold, platinum, and 
nitrogen. They combine with other elements according to 
well-known laws and by appropriate agencies, but a great 
conflagration would set them free from their combinations, 
and present them just as we find them. They are the 
standing walls and columns that will not burn ; the same 
as some of the iron and of the copper, are the half-cliarred 
remains which have partially escaped from the conflagra- 
tion. The case of our globe is quite as strong, if not 
Rtronger, than that of the burned building. The great 
facts that those elements are united which heat wonld 
vmite, that those elements are only partially united which, 
under the circumstancea, could partly be prevented from 
coming together, and that those elements are separated 
which combustion would separate, form an assemblage of 
evidences surprisingly strong. The longer a person studies 
practically the geology, the mineralogy, and tlie chemistry 
of the globe, in a genetic point of view, the clearer do the 
evidences become that our planet was once all aflame like 
the sun. 

Proposition Fourth. The conabination of the elements 
of our globe took place rapidly, and therefore with the 
evolution of the greatest amount of heat. This combina- 
tion, from the nature of the c;ise, could not occur slowly. 
More than half of the elements aie solids, as all the metals, 
with silicon and carbon. No one can conceive how alt 
these solids at the centre of the globe could slowly combine 
with the lighter gaseous materials at the surface. A partial 
combination of a few feet in thickness might ensue, and no 
more. The external coating of oxides would completely 
protect the interior from further oxidation. In the cases 
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of ziuc and some other mptali, the thionest conctivabip 
film of 0^1 It. aiTC'ts the osiJizmg pioce&s la oi ler to 
com! ine tl e elements must origiuiUy I ive he n m ■! gas- 
eous condition or part hqmdanlpart gase us --the very 
cinditioa pointed out by the nebular theory as tl e primi- 
tive foim ot matter In this state they mu t ill have en- 
tered into combination one with ao ther n 1 they must 
have niide our ilanct eqmlly as bri^I t anl selt luminous 
a'f tho phmcfs we bthold rcvohmg around some of the 
distant hxe 1 stars 

Proposition Fifth. We have considered the powerful 
tendency of the elements of our globe to combine and burn ; 
we have seen that they could not combine slowly, but that 
they must have rushed together with the evolution of much 
heat and light, unless indeed they were created originally 
ina state of combination. Inow endeavor to show, as my 
11 ith proposition, thatthoy were not created in combination, 
but that they were formed separately. This will agpeai from 
three considerations : 

1. The invariable process of creation is from the simple 
to the complex. Innumerable examples are around us, 
and a few of these will be enough for iHostratiou, The 
lightning stritea down from the clouds, and the vapor of 
water in the air is decomposed into oxygen and hydrogen. 
Now mark what happens from these simple separate ele- 
ments. It is the regular process of creation established by the 
Author of all things. The oxygen unites with tho nitro- 
gen of the air to foiTQ nitric acid. Tho hydrogen unites 
with other portions of the nitrogen to form ammonia. The 
nitric acid and the ammonia also nnite to form nitrate of 
ammonia. This complex mineral is soon dissolved in the 
rain-drops, falls to the earth, then it is absorbed in the 
ground, tlien imbibed by the roots of plants, then passed 
into other combinations by the leaves and other organs of 
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the plants, then m different forms it appears la the fiiiita, 
and lastly, it is eaten by animals and men, thus aiJing to 
form their bodies. Here we see the long process of crea- 
tion between the lightning-stroke, the three simple elements 
— oxygen, hydrogen, and nitrogen — and the bodies of men. 
of animals, and of plants. 

Men and animals breathe, and trees burn ; and by both 
processes the oxygen of the air unites with tlie carbon of 
the wood and of our bodies, and thus forms the compound 
carbonic acid. This flies away in the wind, dives down in 
the water, and nnites with the lime dissolved in the waters 
of springs which are brought up from the 1 p 'nt ' f 
the ground. This union forms the compound m n al r 
bonafe of lime. All carbonate of lime is f rm d n his 
way. In tlie igneous or primitive rocks 1 is 1 m n 
abundance, but no carbonate of lime. He h 
an historical fact, we see how the Deity crea a mp un 1 
mineral out of the simpler materials. Now, observe the 
importance of this compound. It is called also limestone, 
marble, and chalk. It crystallizes in about Uiree hundred 
different forms, many of which are exceedingly beautiful, 
and among these is the double-refracling Iceland spar. It 
chiefly makes up the hard parts of animals, as corals, shells, 
and bones. One of the first steps only in this progress wo 
do not see now, because it was all done long ago ; it is the 
union of oxygen and calcium to form lime ; but we can 
separate them, and form lime artificially. 

These five simple olemenfs — oxygen, hydrogen, nitro- 
gen, carbon, and calcium — are the principal ones that form 
the bodies of animals. They are first combined, as we 
have seen, into water, ammonia, nitric acid, carbonic ucid, 
and lime. These five compounds are united together to 
form double compounds, as nitrate of ammonia and carbon- 
ate of lime. Then they are made yet more complex in ' 
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vegetable forms ; and lastly, more complex still in animal 
forms. But in converting tlie compound minerals fir^ into 
vegetable and then into animal bodies, it is most astonish- 
ing to see how the Divine Architect proceeds from the 
simple to the complex. By appropriate agencies He forms 
little cells, visible only with the microscope ; from these He 
forma seeds, and from the seeds He forms, ultimately, 
through a lonif routine, the tiee hiaded witli its brilliant 
blossoms or ro=> fruit, or the gram yellow for the liarveat. 
From thi.ac fluits, and giains, and leaves, innumerable 
spLtii.'' of animali dcnvt their bodies fti'st as simple mi- 
croscopic cells, then as eggs, then as birds that warble in 
the branches, and Hstly, as the crowning achievement of 
all— m-m, 

"Whose heaven-erect<rf face the emilcs of love sdorn." 
If there be any truth more plain than al! others, it is 
that God, in creating, upholding, and governing the world, 
works by agencies and according to law, and that His pro- 
cess is invariably from the simple to the complex ; first 
the blade, and then the ear, and after that the full com in 
the ear. First the mustard-seed — whatever in Oriental 
phrase that may he — the smallest of aU seeds, and then the 
spreading tree, in whose branches lodge the fowls of the 
air. This chain of dependencies from the body of a man 
back through plants and compound minerals to the simple 
elements, is a large one, interlinking many agencies and 
laws ; and it is most irrational to say, tliat in the original 
creation God began somewhere in the middle of this chain, 
say with compound minerals. Ko ! He began with the 
beginning ; this is " the way of the Lord ; " He began with 
the simple elements, and combined them according to His 
ordained and combining laws ! Tliose elements, combined 
according to those laws, must have produced heat enough 
to fuse the globe. 
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For our present purpose it is enough to go back as far 
as those modifications of matter called the simple elements. 
But really we cannot say that even this was the heginning. 
What was before them, and how and when they were 
formed out of a more simple, homogeneous matter, will be 
another iuquiry. Bat go tack as far as we may, we can 
never hope to arrive at the real beginning in time, any 
more than we can hope to reach the hounds of spafe. 
Still, our plain duty is fo inquire into the works of the 
Eternal and the Omnipresent as omr abilities allow, farther 
and farther away, both in time and space. 

2. The simple elements were formed separately, and 
afterwards combined ; because God has created a special 
ageiicy called " Ciiemicai, Force," acting according to a 
complicated system of laws, whose object is to uaito or 
combine these elements. The more we look at this wonder- 
ful agency, the more we must he convinced that by this 
means the Deity has put together the particles of matter, 
and by this He now holds them in combination. It exists 
through all known space— like tlie medium producing light, 
like the medium producing heat, like the medium produc- 
ing gravitation. Its vibrations come from the eun, and 
far away from the fixed stars, producing chemical changes, 
and giving origin to the art of photography. Its universal- 
ity is further confirmed by the existeace of simple chemical 
elements in the sun and in the fixed stars. By the motions 
of the magnetic needle we have evidence of still another 
medium — the magnetic, reaching everywhere through the 
immensity of space. What relation exists between these 
five ethereal media causing light, heat, gravitation, mag- 
netism, and chemical action, whether they lie indepen- 
dent or merely different operations of the same thing, does 
not concern us now ; we are concerned merely in the 
existence aad the universal extension of the great agency 
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called chemical force, whose office is to unite tlie simple 
elements into compounds. As heat penetrates all bodies, 
aa light penetrates the hardest diamond, as gravitation pen- 
etrates from the centre of the sun to the centre of the earth, 
as magnetism penetrates through all things, so the ethereal 
medium we call chemical force has its special home, its 
favorite residence, in the interior of all aggregations of 
matter. 

The complicated system of laws by which this ugency 
operates, may be expressed as follows : 

a. It combiaea the simple elements in definite propor- 
tions, by weight, and these proportions are called their 
combining numbers. 

h. It combines the simple elements sometimes in more 
proportions than one, and then the additional proportions 
are multiples of the first. 

c. It combines compound bodies together, and then the 
combining number of any compound, however complcs, 
consists of the sum of the combining numbers of its simple 
elements. 

d. It combines gases in definite proportions by volume 
as well aa by weight ; but the combining numbers by volume 
and by weight are quite different. 

In the illustration of these laws consists some of the 
grandest wonders of chemistry. When we thus look at the 
agency created for uniting the simple elements, when wo 
see how it extends through all space, when we learn how 
it penetrates all solids and fluids, when we contemplate 
its system of laws according to which it unites the simple 
elements, nothing seems plainer than that here we behold 
the means by which the Deity has really combined all com- 
pound minerals as we find them. By this He now holds 
(hem together, and by this He originally put them together. 
Shall He create this to us infinite agency for combining the 
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elomeats, aail yet combino them iu some other untnown 
way? Shall He ordain these complicated laws, and be the 
very first to overlook them or set them aside ? 

"We must regard this chemical force, with its several 
laws, as a system of machinery extending through infinite 
space, and built by the wisdom of Omnipotence for one of 
the greatest conceivable material ends. All material things 
are formed by this force, and in accordance with these laws; 
every inch- of ground beneath our feet, every drop of the 
ocean, and even the very gases of tlie atmosphere, are ready 
to leap into combination ia precise and orderly obedience to 
this system of machinery. Beautiful, grand, and sublime, 
we cannot suppose it has been capriciously set aside, and 
some other unltnown and inconceivable agency used for 
creating chemical compounds. Therefore the conclusion 
is most easy and natural, that the simple elements were orig- 
inally created separate, and then combined by the wonder- 
ful medium now before ns, called Chcmictd Force. 

3. The simple chemical elements were originally created 
separate, and afterwards combined by laws, because their 
creation in a compound state would have involved an infinite 
number of miracles, without any object for such miracles. 
Above all things, the Autbor of the univer'se is a God of 
order and of law, especially when things arc to he done on 
a large scale. If millions of grains of wheat arc to bo 
formed during a summer for the sustenance of man, lie 
forms them all grauilly by law. To form a compound 
mineral otherwise than by the laws above given, would be 
a miracle without any assignable object. It would be a 
miracle in mere idleness, the very thought of which, is an 
impiety. And then how many millions of such miracles, 
all contrary to this sublime machinery and tJicse heautifnl 
lawsj would be necessary ! Take, for instance, oxygen alone. 
If created at first in a compound state, it would have to be 
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created in innumerable independent parts and conditions : 
one part in combination with iron in one proportion, another 
part with iron in a second proportion, and another in a 
third proportion ; other qnantities with sulphitr, some ip 
one proportion and some in another : and so on in independ 
ent bits, no one can t«ll how many of oxygen alone. What 
is true of oxygen is true of the other sixty simple elements 
in various degrees ; aad the number of strange objectless 
miracles that would be necessary on this plan no man can 



But even this is a most superficial view of the number 
of these supposed miracles. In carbonate of lime the three 
elements calcium, carbon, and oxygen are not present sim- 
ply in their due proportions taten as a whole ; but part of 
tlie oxygen is united with the carbon in one proportion, and 
part with the calcium in another proportion, and afterwards 
these two compounds are united to each other ia due pro- 
portions. In this compound, therefore, the oxygen is in 
two very distinct parts. The same may be said of the ele- 
ments in componnds forming nearly the eatire crust of the 
earth. These compounds are generally eilicales, and not 
OTily double compounds, but even triple, quadruple, and 
quintuple compounds. Silica, acting as the acid, is combined 
with several bases, as in mica, feldspar, hornblende, and 
many other allied minerals. In each of these millions of 
grains of minerals, the oxygen, if created in combination, 
must have been created in distinct combination with eacli 
acid and each base, in all cases in different proportions, but 
yet all the oxygen precisely alike all round llie globe, and 
never varying the least in its peculiar properlies. Kow to 
suppose that oxygen, or any other simple element, ever was 
created in this way, appears lo me the most monstrous and 
incredible of all suppositions. It seems next to hmacy. 

From these three considerations we cannot avoid the 
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conclusion tliat the elements composing our globe were not 
created in combination. Every one must have been formed 
ori^nally in a. separate condition, and afterwards they mast 
have combined and burned. How and when they were 
created, and what were the agencies employed in their cre- 
ation, is another inquiry. That inquiry we wiJl enter upon 
in another part of this volume, where I shall endeavor to 
show that they are merely modifications of an original 
primitive state of matter, and that tLcy were formed during 
the long period of the condensation of the globe from an 
inconceivably rare gaseous state, commonly called the nebu- 
lous condition. 

Our five propositions are now established :' First. The 
elements that compose our earth are capable, if combined 
together, of heating the globe to a fused and even to a vapor- 
otts condition. 

Second. These elements have the greatest conceivable 
fendeaey to combine and burn. 

Third, These elements exist now, with small excep- 
tions, in combination. 

Fourth. This combination could not have taten place 
so gradually as to produce only a small amount of heat. 

Fifth. These elements were not created originally in 
combination. Therefore they must have entered into com- 
bination in large quantities in a gaseous or liquid condition ; 
and in so doing, our planet must Lave flamed as splendidly 

The former intensely heated condition of our globe, and 
tlio present state of combination of its simple chemical ele- 
ments, are two distinct and acknowledged facts. They are 
two very different things, but yet each one is absolutely neces- 
sary for the existence of the other. We cannot see the pos- 
sibility of the evident heat without the chemical action, and 
we cannot see the possibility of the chemical action without 
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the heat. The two are correlatives of each other, and they 
are indissoluhly uaited in time, place, and action. Here in 
tlie very constitution of otir globe, in the identical place 
where we behold the evidences of heat, we also behold tho 
materials all burned up which were sufficient to produce 
that heat. This cause for the beat is not far-fetched — it is 
right before us ; wherever ive see the signs of the heat, an 
amply adequate origin of that heat stares us in the face. We 
are not lefl to inquire whence came the fuel or low it was 
kindled, for we cannot avoid seeing the fuel, and we know 
perfectly well that its kindling is spontaneous. Chemical 
action on so grand a scale must have been attended with 
heat on a s<!a]e equally grand. The time for both was the 
same, in the forming Btat« of our planet, when according 
to the nebular theory all was gaseous or liquid. In all this 
wo are impressed with ao obscurity, no mazy theory, nothing 
dim or hard to be understood. Because the facts of tho 
case are so plain, simple, and directly on the surfeco, they 
have been passed by in search of something hidden and 
strange. 

It is wonderful how many different departments of cre- 
ation, how many of the sciences, prove that formerly the 
earth shone like tlie sun. 

Astronomy teaches that the earth is a star ; that in all 
fundamental particulars it is just like the other stars that 
glitter in the sky ; that as other stars are known to lose their 
light, so it is not strange that the earth is no longer self- 
luminous ; and that even now there are self-luminous planets 
which revolve around other and far-distant suns. 

Geology teaches by more than twenty great classes of 
facts that the interior of the earth is still in a fused condition, 
and that formerly tho exterior also was fused by burning 

Physics or Natural Philosophy teaches that the sh;ipa 
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of the earth is precisely such as it must havo assumed if once 
in a fused condition, and that its present want of densify 
can be accounted for only by tlie highest conceiYablo inte- 
rior temperature. 

Zoology teaches that animals began their organizations 
in low, simple forms, and that these fonna have become 
more and more diversified, as the surface of the earlh from 
time to time grew more diversified by cooUng firom a melted 
state. 

Botany teaches these same truths respecling the history 
of vegetable forms, which zoology makes known respecting 
animals. The early history both of plants and animals in- 
dicate a high tropical temperature all around the globe from 
the influence of the interior heat when the crust of the e^rth 
was yet thin. 

Chemistry teaclies, from, the chemical composition of the 
earth, that in fho beginning it must necessarily have been 
all on fire, first in a gaseous aad then in a liquid state. 

From this large number of very widely different sources, 
the conclusion is irresistible that formerly our earth as a 
star shone with its own independent light, and that chemical 
action, the combination of its simple chemical elements, was 
the cause of that light. 

But what causes chemical action? This we do not 
know. We are here left to conjecture, to theory, and to 
probabilities. As light and heat act Chrough some media, 
the vibrations of which run with the velocity of twelve mD- 
lion miles a minute ; as electric and magnetic attractions 
are also caused by ethereal media ; so we suppose that chem- 
ical attractions must be caused by an ethereal medium, 
whatever it may be. But from our small laboratories, or 
artificial furnaces, we can form but a faint and very partial 
idea of what cbemical acfion must be on so large a scale 
as our globe, 25,000 miles in circumference, or as the sun, 
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nearly 3,000,000 milea in circumference. When we behold 
a thunder-cloud, alive with electricity, every instant glowing 
with flash after flash, we can form but a yery imperfect idea 
of what is going on in that cloud from our experiments on 
our small electric machines. In like manner, when we 
have evidence that the primitive heat of our globe waa 
caused by chemical action, we muat have only a very im 
perfect idea of what chemical action really ia on such a 
gi'and scale. Therefore, in saying that the former heat and 
light of our globe was caused by chemical action, we must 
regard that action as in a very extended sense, and modified 
differently from any thing we have ever seen or thought of. 
Not knowing the cause of chemical action even in our little 
laboratories, wo must necessarily assume that on so grand a 
scale as in a burning star, that cause roay show itself with 
great differences of action, especially with respect to the iuten- 
sity and to the prolongation or continuance of that action. 
This continuance or prolonged duration of chemical action 
in a star, may depend on several possibihties, which I siiall 
point out in another chapter. 

In quite recent times the opinion has been generally 
held that chemical action in a star, as the cause of its light 
and heat, must necessarily be very brief — too brief, for in- 
stance, to be the cause of the lightandheat of thesun. This 
opmicn I will Ludeavor to show is rash and founded on 
seserol unwiirantiUe aosutoptio is It as^>umi,s that the 
unknown tause of chi-mical action can operate with no 
greater intensity md no longLr duration m an immense 
laboiatiry like the inn than in our artificial combinations 
It la^umes thit th^ matciials of thi, sun anl lised stais 
htve no greater light and heat gixing power than those in 
our earth e\ en when it is pl«n that thow m our earth \ary 
widely in their heat and light giving powers. It assumes 
Ihiit, in the great laboratory of the sun, the process of crea- 
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ting new chemical elements, new modiflcations of matter 
out of older forms, has ceased. All these assumptioBS I 
will try to show are without proof and unscientific, and 
therefore the opinion founded on them is worthless. The 
only sound and profitable course is to collect and examine 
all the facts within our reach respecting the light and heat 
of the sun and of the other stars, whether they be at the 
present era luminous or unluminous. We have laid a firm 
foundation for our superstructure lu the facts just collected 
respectiog the heat and the former light of the earth. It was 
due that we should begin with the star on which we live. 
Its chemical action has ceased, and it is left unlaminous. 
Abont this there can be no douht. Our next procedure 
would he to examiae our nest nearest neighbor, the moon. 
But there the fires have long since been extinct ; and even 
its interior heat has so far radiated away that the volcanoes 
there, once numci'ous and grand, are now all inactive and 
dead. Being smaller, and without a thick, non-conductiBg 
atmosphere, the moon has progressed in cooling a long 
stage beyond our earth. Nevertheless, as we will sec in a 
future chapter, the points of resemblance between the moon 
and the earth show that they have passed through the same 
fiery process. The inequalities on the moon's surface, the 
deep depressions in some regions and the elevations in others, 
correspond to the high table-lands and the low ocean floors 
of the earth, and in both stars these elevations and depres- 
sions are referrible to the same igneous causes. The many 
volcanic craters, the long lines of lava currents, and the 
steep mountain ridges, tell on the moon's former igneous 
history the same as they do on that of our globe. The 
causes of their fused and luminous condition must have 
been the same. It is most uaphilosophical to suppose that 
different stars were lighted up by totally different causes. 
They arc numbered by hundreds of millions, fhoir iiglil ia 
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of the same nature and subject to the same laws, and the 
causes of their light have doubtless been the same in each 
one ; whether that light has long heen extinct as in our 
earth, or whether we see it become extinct in modern times 
as in lost stars, or whether as in the sun it still glows as 

The next ohjert of near neighborhood and of insestiga^ 
lion is the sun. There we behold a seat of the most unex- 
ampled activity. In that extraordinary activity Ihere are 
many distinct and well-defined facts. These we will bring 
together and examine, one by one, and the wonder will 
strike us 'strongly that thoy all belong unmistaltably to 
chemical action. 

After tiie sun we mil ent«r on the myctigation of the 
fixed stars. There also we will find many facts, well and 
clearly ascertained, which arc tasilyexplamable by chemical 
action, and by that alone. 

After these examinations ol facts wi, w lU attend to the 
philosophy of the subject, at least so far a" to «h w tiiat 
chemical action mast not neces'farily in \]1 c'i.ies be a^ short 
lived as in our laboratories. I hope then to make evident 
that in different materials there are almost mlinite differ- 
ences of light and heat giving power and that the mate- 
rials of the sun and fixed stars bt-ing different fiom ours, 
their heat-giving powers may list mhnitely longer I hope 
to show that the unknown cause of chemical action, very 
probably, or certainly, acts with diflercnt modifleitions, 
when on so extended a scale a" the fun, a laboratory 882,- 
000 miles ia diameter ; and that wilh these difflrent modi- 
fications the amount of heat anl bght mtj bi, veiy greatly 
intensified and prolonged. I hopi. also to show that what 
we call the simple chemical elements arc now actoally in 
the process of formation in aU great contracting globes, 
which according to the nebular theory are still in their pro- 
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cess of condoDsatioii ; and Lence with tlie formation of these 
fresli clomeuta there are daily suppHes of new fuel. Even 
though I may not show all these things with absolute cer- 
tainty, still if I can show merely their probability or their 
possibility, then the objection against chemical action as (he 
cause of the heat and light of the stars must fail. That 
objection is founded oa the assumption tbat chemical action 
must necessarily be as short-lived in those immense condens- 
ing globes as in our owa furnaces. If it can bo shown that 
this is not necessarily true, but that there may he a provision 
for a longer duration of chemical activity, then the objec- 
tion Tanishas, and we must rely on the many positive evi- 
dences in the earth, in the sun, and in the fixed stars, that 
chemical action has been really the cause of their light and 
heat. 

SECTION VII. 

THE OATJSE OF THE LIGIIT AMD HEAT OF THE SUN. 



!ng the evidences that the light and heat of 
the sun spring from chemical action, a few words should 
be said about two other theories. The first of these, and the 
one more widely diffused in books, regards the sua as a dark 
body like our earth. On its surface reposes a transparent 
atmosphere, and high up in this floats a thick, cloud-Iiko en- 
velope, higlily reflective, and nearly impervious to light and 
heat. At a still liigher elevation in the transparent atmos- 
phere, floats another cloud-like envelope, which is self-himi- 
nous and the source of all the light and heat emanating from 
the sun. Above these envelopes the transparent atmosphere 
extends a groat distance, and appears in tofal cclipncs as 
(ho corona of the sun. These cloud-like envelopes arc colled 
the photospheres, and the dark spots on the sun are sup- 
posed to bo openings in thcpliotosphoros, rovoalingthc dark 
4 
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body of the sun. These openings are supposed by some to 
be caused by "spiracles" in the body of the sua, au'-boles 
in that great orb, which blow the photospheres aside. Ac- 
cordiag to others, these openings, are caused by great whirl- 
winds in the sun's transparent atmosphere, similar to the 
cyclone storms in the atmosphere of the earth. 

Two considerations led to tlie formation and estenaive 
adoption of this remarkable theory. The one is, to render 
the sun inhabitable for intelligent beings like ourselves. The 
lower envelope is supposed to serve as a screen to ward off 
the intense heat radiating from the higher envelope, and 
thtis to give a mild temperature to the sun's solii] surface. 
But we know too Utile, both of final and of physical causes, 
to propose a special apparatus for rendering tbe sun's s«r- 
faee inhabitable for beings like men. Our earth was for 
countless millions of yeais uninhabited by men, and we 
cannot say when the proper time should come for jieopling 
the snn. Tho other consideration, which led to the format 
tion of this theory, was to account for the spots on the sun. 
But these spots, 1 shall endeavor to prove, may be accounted 
for by a nitieb more natural method, and without a resort to 
any thing so extraordinary or so out of the way of all 
known facta as these cloud-like photospheres. The objec- 
tions to this theory are numerous and powerful, some of 
which may here be stated. 

1 . "We know of no cause for the great amount of light 
and heat in this photosphere. That amount is immense, and 
has eadured many millions of years, judging by the facts 
of geology. And we not only know of no cause for this 
heat, but we can conceive of none. It cannot come from 
electricity, for we can think of nothing; to excite that elec- 
tricity. The upper photosphere cannot be compared to our 
aurora borealis, because our northern light is caused by dis- 
turbances in OTir atmosphere arising pi'iraarily li-om the 
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heat of the sun. It owes its origin therefore to a well- 
known foreign body. We can conceive of no snch origin 
to a photoshere around, the sun. Our aurora horealis is ao 
exceeilingly faint as not to be seen in the day time, and 
therefore it is not comparable to the mighty blaze of dazzling 
light in the sun. Light and heat cannot exist without a 
cause. The cQost mighty of all causes must he uecessary 
to produce the great light and heat in the sun. But here 
we have a theory for the production of light and heat with- 
out any cause. The theory says that the light and heat 
come from the photosphere ; but there ia no imaginable way 
hy which they can first get in the photosphere. If we are 
required to believe that the earth stands on the back of an 
elephant, we have a right to inquire what the elephant 
stands on. The truth is, that the photosphere theory is only 
putting off the difHculty one degree further. Some new 
auxiliary theory must he gotten up for putting hght and 
heat in the photosphere, and this cannot rationally he done, 
The Hindoo sages say the elephant stands on a turtle, and 
the European sages say the light of the photosphere comes 
from electricity ; but then again we must inquire what does 
the turtle stand on, and whal power excites the electricity 
that excites the light and heat? This power cannot even be 
imagined, much less can it be proved or rendered probable. 
2. The causes for these openings in the photospheres, 
revealing the supposed dark body of tlie sun, arc strange 
and most unlikely. "Wliy should there ho " spiracles " in 
the supposed dark body of the sun? The only reason ever 
assigned for their existence is, to blow aside the theoretical 
photospheres. But this is building a theory on a foundation 
too airy for belief. The other cause for the openings in 
the photospheres arises from great whirlwinds, like cyclone 
storms in our atmosphere. But the sun-spots are more or 
less irregular, some of them exceedingly irregular ; and if 
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they were caused by a cyclone whirlwind, they would all 
whirl, and fee plainly seen to whirl, without exception. 
Still, not one of them haa ever yet been observed to make a 
single rotation. 

3, The sun-spot3 break in pieces, and occasionally they 
have bright cracks and wide, bright openings ia or near their 
centres. When a spot breaks and its fragments separate 
with great velocity, the advocates of the photospheres float- 
ing in a transparent atmosphere, say that narrow bridges 
of the photospheres have crossed the openings. Eat the 
cause which blew aside the photospheres, must surely blow 
these delicate bridges away. And no such explanation can 
be applied to the bright cracks and wide, hnght openings in 
the middle of some of the spots. These latier cases are 
wholly irreconcilable with that theory. Bat they are 
easily explainable by the theory of chemical action. Ee- 
garding the spots as temporary solids Soating on the fiery 
liquid body of the sun, wc can easily understand how by 
violent agitations these soUds may break and fly apart, and 
how opetiings may be broken in their centres where the 
melted and iiery body of the sun may shine through. 
Afterwards these solids, from causes soon to be given, may 
dissolve and disappear. 

4. By the large number of facts brought together in the 
bcgianing of this volume, it appears that our earth is a 
star of the same nature as the sun and the other fixed stars. 
We must therefore believe that its former light and heat, 
and the present heat of its interior, were produced in the 

in the sun and fixed stars. But we can- 
! how our earth could be fused by a hot lumin- 
i photosphere floating in the atmosphere. We canuot 
e how such a photosphere could have got there, and 
where it has since gone. Moreover, according to theory, 
the lower photosphere of the sun is a dense envelope, ira- 
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perrioua to light aiid heat, and thtis rendering the surface of 
(he sun cool and habitable. Therefore, such an apparatus 
could not account for the present interior heat of the earth, 
nor for tie former fusion of its entire crust. 

5. This theory can give no account for the dark, fixed 
lines in the solar and stellar spectra. Tliese lines are 
caused, beyond doubt, by metals aad other simple chemical 
elements Taporized in flame. But we can conceive of no 
way by wbicb the mctala could get in that high upper pbof o- 
spherc, floaliug loftily ia the sun's transparent atmosphere. 

For these reasons, the theory of luminous envelopes 
floating in the sun's atmosphere must be rejected. 

The other theory for the light and heat of the sun has 
been quite recently proposed by Mayer, of Germany. Ho 
supposes that meteoric atones are falling in the sun, and by 
their violentcollisions they produce the light and beat. This 
Is striking fire, afier the old manner with flint and steel, on 
a grand scale. The objections to this theory are these ; 

1. The constant aeeuiaulation of such materials, during 
very many millions of years, would increase the body of 
the sun and its consequent gravity so greatly as to derange 
the entire solar system, by destroying the balance between 
the centripetal and centrifugal forces now acting on the 
planets. Mayer attempts to avoid this objection by sup- 
posing that the vibrations of light and heat emanating from 
the sun, carry ofi" the matter of the sun, and thus counter- 
act the aecumulafiona of meteorites. But this is contrary 
to the action of the vibratory theory, and agrees with that 
of the old corpuscular theory, which is now universally 
given up. The sun need lose no more matter by the vibr.a- 
tion of its atoms than the ocean of our earth by the agita- 
tion of its waves. If, perchance, some few particles fiy off 
as light and airy spray, gravitation will bring them back 
again. 
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2. As we must believe that all stars were liglifed up 
by the same means, so we must believe, according to this 
theory, that the present interior heat of the earth and its 
former melted condition in hoth exterior and interior, was 
caused hy the fall of meteorites. But if so, they must 
have gradually ceased to fall, as space became cleared of 
their presence, and we would now find a thick covering of 
meteorites on the earth's cooled surface. Instead of this, 
we find them very rarely, and in accordance with their pres- 
ent very rare falls. Mayer obviates this objection by sup- 
posing that two great globes came in coUision, and thus 
produced a fusion and a flowiBg together of both into one. 
But the known stability of the solar system disallows any 
such assumption. Its admirable mechanism provides 
against any such catastrophe as a collision of planetary 
bodies. 

3. Our moon shows evidences of having been in a for- 
mer melted condition ; but we see no evidences of meteoric 
accumulations on its surface, as there must have been with 
the necessary gradual cessation of their fall. The cessa- 
tion of their fall must have been occasioned by the clearing 
up of the realms of space around the moon, and this clearing 
up or exhaustion of the meteorites, must have been gradual. 

4. The increased masses both of the earth and the moon, 
by the fall of so many meteorites, must have increased 
their gravity, and deranged the balance between centripetal 
and centriftigal forces. Thus the system of the earth and 
mooa, as well as the general solar system, would have been 
destroyed. This theory is more fully stated and its insuffi- 
ciency more strongly proved by myself in the " Proceedings 
of the Academy of Natural Sciences, Philadelphia, 1867." 

We now come to the old theory, that the light and heat 
of the sun arise from a great fire, a vast conflagration. This 
idea, I believe, has been more or less prevalent from time 
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orial, and latterly it has beea called tte theory of 
I action. It was believed by such great men as 
Neivton and Laplace ; and the most eminent of all British 
chemists, Davy, proposed an extension of thia theory to ac- 
count for the former entire fiision of our earth. Newton, in 
the third boob, of his " Prineipia," in announcing " Rules for 
reasoning in Philosophy," says in his second rule : " There- 
fore to the same natural effect we must, as far as possible, 
assign the same cause, as to respiration in a man and in a 
beast, the descent of stones in Europe and America, the light 
of our culinary fires and of the sun, and the reflection of 
light in the earth and in the planets." 

Again he says ; " Fixed stars that have gradually waaled 
by the light and vapors emitted from them for a long time, 
may be recruited by comets that fail upon them, and from 
this fresh supply of new fuel, these old stars, acquiring now 
splendor, may pass for new stars. Of this kind are such 
fixed stars as appear on a sudden, and shine vrith a wonder- 
fiii brightness at first, aud afterwards vanish little hy little. 
Such was that star which appeared in Cassiopeia's chair in 
1572." 

Laplace, iiihis"SystSmeduMonde,"p. 54, says: "As to 
those stars which appear almost suddenly with great hright- 
ness and then disappear, we may suspect with reason that 
great conflagrations, occasioned by estraordinary causes, have 
taken place on their surfaces. This suspicion is strengthened 
by a change in their color, analogous to what occurs upon 
our own planet in bodies which, having become incandescent, 
subsequently undergo extinguishment." 

Thus both Newton and Laplace, resting on the axiom 
that the light of the sun and of our ordinary fires, is from 
the same cause, explained the sudden biasing forth of a 
temporary star as a great conflagration occasioned by ex- 
traordinary causes adding a, fresh supply of now fuel. 
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Davy, being the first to decompose the cartlia and to 
prove tliat ttey are composed of a metal and osygen, was tbo 
first also to announce the theory that Uie former fusion of 
our planet was caused ty the combination of ila simple 
cbemical elements, which are merely other words to de- 
scribe a celestial body wrapped in a great conflagration, shin- 
ing and radiating heat like the sua. 

But this theory of chemical action in the sun has long 
since been universally abandoned on account of the grouud- 
less assumption that the sun and other fixed stars have no 
fuel of the right kind to keep up their burning so long. The 
originators of tliis assumption do not say how they got their 
iuformalioD. It has doubtless come by the most distant 
and flighty analogical reasoning, and once having gained 
firm possession of the general belief, it will bold on tena^ 
cioMsly like all inveterate general beliefs. It can be removed, 
however, in two ways : first, by showing ibat it is a mere 
assumption withont proof ; and secondly, by advancing the 
strong evidences in favor of chemical action now going on 
in the sun. 

These strong evidences are the following : The sun con- 
sists of the simple chemical elements analogous to those in 
our earth, and therefore it is made up of the most combusti- 
ble materials. It is surrounded by a coating of fiames from 
two to four thousand miles high. These flames, like all 
others, are in constant agitation, and here and there send 
up flakes much taller than the rest. As a supporter of eom- 
busfioa the sun is surrounded by an atmosphere visible to 
us nearly half a million of miles high, and therefore its entire 
probable height, including its invisible portion, must be two 
millions of miles. In this atmosplicre float immense clouds, 
some are eighty thousand miles high, and some are eight 
hi-ndred thousand miles in breadth, which clouds may be 
regarded as the smoke and vapor of the great conflagration. 
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The tody of tlie sun below the flames is a melteil HquJil 
mass, in whicli liquid tlie diemical action, or Ijurniag is 
chiefly ta&ing place, and which, like oar ocean, is disturbed 
by general and special currents. On this great shoreless 
ocean float here and there dark-looking spots, which are 
solidified portions, and which soon melt again by the in- 
tensity of the heat. This heat and this light of the sun are 
appropriate products of so fast a burning. Such an array 
of proofs is very strong, not only from the individual weight 
of each one, but from their assemblage in one object, their 
blending together in one locality. To the establishment of 
these proofs we will now proceed ; 

1. The fixed lines in the solar spectrum prove the ex- 
istence in the sun of those modifications of matter which, in 
the science of chemistry, are called simple elements. The 
union of these and of their compounds, constitutes chemical 
action, one of the forms of which is combustion or burning. 
The fixed lines in the sun's rays number many thousands, 
in fact they are ionomerable ; this indicates that there must 
be many thousand simple elements in the sun. Hence the 
materials for a great conflagration are far more abundant in 
the sun than in the earth. 

2. It has been proved that the visible luminous surface 
of the sun consists of flame ; that is, of vapors or gases so 
highly heated as to give out light. Incandescent solids or 
liquids, whose surfaces are seen at an acute angle, give out 
polarized light. The sides of the sun ai-e seen by us at all 
angles, but no polarized light is perceived, and hence it ap- 
pears that incandescent gases or flames envelop the great 
orb of day. The same fact is proved by a very different 
method. The dark fixed lines in a spectrum of light can 
proceed only from a flame, hence we have a doiible evi- 
dence of an envelope of flames around the sun. 

The height of these flames, from two thousand to font 



Hcssdb, Google 



AKOTJJSD THE SUN. 

es, must be equal to the depressions of tho 
dark spots ■which aie down in the surface of the sun, and 
these depressions have teen ascertained in the following 
way : The spots axe never seen on the extreme border of 
the sun. If they were on the exact surface, then, as the sun 
rotates, they would be seen first on the extreme eastern, and 
last on the extreme western border. But they do not ; 
they are hidden by the tall flamea hath on the east and on 
the west, and we can see them down between the flames only 
when the side of th.e sun on which they ore placed is t^ll^Qed 
toward us. One occasion only is reported when the spot 
was so large that it reached the extreme border, and then 
formed a notch or indentation on that border. The spot 
was reported as of an extraordinary siae. The indentation 
may be understood as a gap, ■where the flames for a time 
were obliterated by the spot. This, however, is but an ex- 
treme case of the kindred fact that the larger the spot the 
more neaiiy it can be seen toward the sun's border ; and tho 
reason of this must bo found in the depression of the spots 
beneath tbe luminous envelope. Again, when a spot Comes 
into view on the eastern border of the sun, the first part 
seen is the eastern side of the penumbra, then appears tho 
nucleus or dark central part, and lastly the western side 
of the penumbra. The reason is, because the side of tho 
spot tow aid U1 IS hidden behind the uprising wall-like mass 
of flime. Ai the sun turns round, we see the penumbra all 
around with thi, ceutial nucleus, because we loot straight 
down paraUe! ■mth the wails of the flame. As tbe sua 
lotates still fuither, and the spot advances toward the ■west- 
ern bolder, wo aie unable to see the eastern side of the 
penumbii bocau'^e it is nearest to us, and in its turn hidden 
hehmd the till fliimes. The nucleus next disappears, and 
Ustly the western edge of the penumbra. Dr. Wilson, pro- 
fessoi of istionomy in tho University of Glasgow, was the 
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first who anuonnced, in 1783, that the spots were below tho 
general level of the sun's surface ; and after spending some 
time in tho investigation, ho concluded that tiieir depression 
in several instances was from two thousand to four thousand 
miles. I do not know that any other estimation has been 
made, whicli is very much to be regretted. The subject is 
worthy in the highest degree of renewed investigation, with 
improved modem instruments.* 

3. The body of the sun, immediately below the fiames, 
consists of an incandescent liquid. When tho fixed Imes 
from the vapors of aoy elements, are seen by the light of 
tho flames in which they are suspended, then these lines are 
bright; when seen by a more powerful light shining 
through those flames, then the fixed lines are dart. In the 
solar spectrum they are dark ; therefore they are seen by a 
stronger light coming from beneath the flames, and heneo 
from either a solid or a liquid. It is proved to be a liquid 
by its intense heat and by its currents, as will be shown 
when we come to the spots. 

4. We behold great agitations among tho flames of the 
sun, the same as in all great conflagrations. The surface 
of the sun is the most unquiet of all known places, as might 
be supposed in a cheroical action among so many and such 
large amonnts of elements, combuatlon on so vast a scale. 
Sir John Hersehel, in describing the sun, speaks of that 
" excessively violent agitation which seems compatible only 
with the atmospheric or gaseous state of matter." 

5. The atmosphere of the earth has an agency in all 
great burnings, botli in supporting combustion, and in re- 
ceiving and removing the extinguishing gases. The sun 
also has an enormous atmosphere, extending upward from 
bis surface probably a million or two of miles.. It is seen 
only in total eclipses, and then called the corona. In the 

* See Appcndis VL 
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eclipse of 1851 it waa computed by Professor Airy to be 
little lesa than the raoon's diameter, A breadth of the moon's 
diameter at the diafAHoe of the aim would be nearly a mill- 
ion of miles. This, however, was only the visible portion 
of the sun's atmosphere, that region nearest the sun, and 
loaded with vapor. The visible portion of the earth's atmos- 
phere is less than one-tenth of the whole. Other observers 
have estimated the breadth of the corona to be only one- 
half, and still another observer thought it to he only one- 
third of the diameter of the moon. Prom all the observa- 
tions in the four eclipses in which the corona has been 
estimated, we may take more than half the moon's diameter 
as a low mean for the breadth of the corona. Then, assum- 
ing that only one-fourth of the sun's atmosphere is visible, 
the entire height would be about two million miles. The 
moon has no appreciable atmosphere ; that of the earth, 
according to ordinary estimates, extends upward fifty or 
sixty miles ; aceording to more recent estimates derived from 
meteors, its height is about two hundred miles. The atmos- 
pheres of Venus, Jupiter, and Satam are so high and dense 
that separate spots on the bodies of these planets can icaicply 
be seen, and Lence the periods of their lofation'i have bet,n 
made out with difficulty. Prom the moon to the sun, as 
the two extremes, there are great yaieties of atmo'*phene 
heights, and our only safe guide in foimmg our opinions 
in any particular case is direct observation, connected with 
the fact that atmospheres are visible only in pait, and (his 
chiefly through doudy vapors in theii lower striti 

6. From great conflt^rations we must expect greit 
clouds ; and the clouds in the sun are on a scale eoncpond 
ing to flames from 3,000 to 4,000 miles high, and to in 
atmosphere such as I have just described One cloud In^ 
been represented by a most reliable observer as extending 
perpendicularly 3', and another as reaching in breadth 
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nearly one-tbird around flie sun. This would niafee the 
height of some clouds 80,000 miles, and the breadth of 
others 800,000. Probably still larger clouds occasionally 
arise ; for observers have seen tliem for a few moments only 
on four occasions, in 1842— 51 -'58-' 60, and it is not likely 
that in iiese transient glimpses they have happened to meet 
the highest or the broadest. Such vast dimensions should 
not seem extravagant. On the contrary, they arc entirely 
in keeping with the circumstances. Those tall flames, tlie 
atmosphere, the clouds of smote, the combustion on so 
grand a scale, producing such an amount of light and heat, 
all perfectly harmouizc. 

On the earth some gases and vapors ore almost infinitely 
more transparent than others, and it may be that tjiose 
forming the clouds in the sun are naturally not very opaque. 
The intense heat of the sun may render them more trans- 
pareat, the same as heat renders the vapor of ivater perfectly 
transparent. We therefore perceive the reason why the 
powerful light of the sun pierces so completely through those 
clouds that we are unable to see them except in total 
eclipses. These clouds cannot form the spots in. the sun, 
for they are so much larger than the spots ; and the clouds 
are elevations on the sun, the spots are depressions. 

The probable origin of these clouds is obvious. The 
products of flames are always gaseous, either nearly perma^ 
uent as carbonic acid, or easily condensible as the yapor of 
water. The products of the deep flame-eoating around the 
suu must be inconceivably abundant. Their partial conden- 
sation must form vast clouds. If these clouds did not further 
■condense and form precipitations, then they must increase 
continually and at length shut oat the light of the sun But 
we have no such evilenee of then iiereise anl hence i e 
are brought to th;, conclu ion thit tbe condensiblo ga=c is 
products of the fl 1 1 n i=t f 11 m ome f i n 1 id. i^ a 



Hcssdb, Google 



86 FACCLJS OK EIDGES OF FLAMES. 

down througli the same flames. The forms of the pre- 
cipitations of the single vapor aroand our globe are so 
various — as dew, fog, mist, rain, hail, snow, frost — thai we 
cannot hegin to decide Ott the forms of precipitations in the 
sun. When iron is burned in a glass jar containing oxygen, 
the product very soon assumes the form of a flue impalpable 
powder, which slowly settles on the sides and the bottom 
of the jar. But this small, dry afiair teaches as very little 
of the form of the metallic oompoauds as they fall back into 
the body of the sun. Imagination, not science, may here 
have its full play among metallic rain, and hail, and snow. 
Fancy, not philosophy, is at liberty to picture the metallic 
bail falling from the tops of clouds 80,000 miles high, and 
hastened down, not by a feeble attraction like that of the 
earth, but by the great gravitating force of the sun, 

7. In all great conflagrations the flames are grouped 
together in masses here and there, more bright and volumi- 
nous than the rest. They are never smoothly and evenly 
distributed. The sun has its brighter and more intensely 
lighted portions, speeLol masses and ridges of flames ; and 
tliey are constantly changing. " In llie neighborhood of 
great spots or extensive groups of them, large spaces of 
surface are often observed to be covered wilh strongly- 
marked, curved, and branching streaks more luminoas than 
the rest, called faculte, and among these, if not already ei:- 
istiog, spots frequently break out. They may, perhaps, be 
regarded, with most probability, as ridges of immense waves 
in the luminous regions of the sun's atmosphere, indicative 
of violent agitations in their neighborhood." * 

The proof that these brighter lines are really ridges of 

flames has been furnished by actual observation on at least 

two or three different occasions. The Eev. W. E. Dawes, 

of England, with a refractor of 8^ inches, and a power of 

* nerschd'a "Outliucs." 
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234 diametres, had a fair view of one of tbesc bright ridges 
running parallel fo the border of the sun's disk, and when 
it precisely occupied the border. He " satisfied himself 
that it projected irregularly heyond the circular contour formed 
by the edge of the sun. To obtain ocular demonstration 
of tte bright streaks being really elevated ridges or waves 
ill the exterior lunainous envelope, is, of course, a very rare 
occmrence ; but, in the present case, the evidence was as 
complete as could be desired. The combination of circum- 
stances was most fortunate ; a bright streak of unusual size 
being precisely at the sun's edge, and the state of the air 
permitting the use of a large aperture and a high power 
with full advantage." * 

The other occasion was not when the streak was paral- 
lel with the edo-e of the sun but when two stre'iks one each 
de of a 1 rge pot ran at nght augles across the e 1^*^ of 
ll e SI n 8 bsk and formed two elevaf d prom neu on 
that edge lea ^ng a gap between th m f 

8 So great <in o b as the s n nea ly Ibree m 11 on 
miles n circumfe ence and burmn tl fl m s fe v 
thouaanl rules h gh hould enl fu th in mcon e alle 
am nt of h at and aceordi ^ly we find that the actual 
heat of the sun is on a correspond ng sc lu Its ntens ty s 
proved by lis penetrating power, easily passing through 
glass and other substances which greatly obstruct our low 
degrees of artificial heat. Still the real amount of heat 
given out by tte sun has never been determined. Different 
estimates have been made, from certain experiments, but I 
Iiave never been able to see their conclusiveness. "We can 
say, however, that guided by our cotamou sense, and so far 
as out knowledge goes, we can see no disproportion be- 

* " Montbly Noticea of tlie Koyal Astronomical Sociotj," vol. a:i, 
p. 66. 

f "Monthly Notices," vol. ssiii., p. 13, nlso p. 110. 



HO,. db, Google 



88 THE SUM 8 UGHT. 

tween the boat we receive from tlie sun and a conflagration 
80 grani]. The two accord perfectly together. 

9. The intense flood of light from the sim is another 
great fact corresponding to all the others we have already 
enumerated. The light, the heat, the flames, the agitations 
aod high ridges in these £ames, the inflammable chemical 
elements, the melted hody of tlie sun, the clouds of smoke, 
the vast atmosphere, are the best possible evidences of a 
great conflagration. "What else would we have? What 
else can they be ? We know of nothing else that they can 
be, and I do not see how we can think of stronger proofs of 
a great burning. They would be at once admitted, were it 
not for a single objection. The objection is, that there is 
too much heat for the amount of burning materials in tlie 
sun. It goes npon the assumption that no materials could 
possibly be created to give out more heat than such as we 
have here in our little planet ! This assumption is most 
extraordinary. It is as much as to say that our globe, 
8,000 miles in diameter, circulating around the sun between 
Venus and Mars, the goddess of Iiove and the god of War, 
is in all respects the ne plus ultra ! We thus make it the 
standard by which to gauge even the chemical elements of 
the sun, and say. So far shalt thou go and no farther. And 
we do all this in full view of the different relations to heat 
of the different elements even in our own globe. One gives 
out little heat, and another much ; one absorbs a small 
amount of heat, and another a large amount. A pound of 
water requires thirty times more heat to warm it than a 
pound of mercury. In all other respects there are wide 
differences between the elements here, in their densities, 
their combining numbers, their electric, their rangnetic, and 
all their other relations. The planet Mercury is at least 
sixty times more dense than one of the satellites of Jupiter. 
If we make the very easy admission that there arc probably 
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wider differences between the maferiala of the sun and 
tliose of our globe than there are between the several sub- 
stances here, then all the mystery is ended ; the objection 
vanishes. If we be conrinced that the materials of our 
earth have not a heat-giTing power sufficient to supply the 
Tast outgivings from the sun, thcD, in view of all the evi- 
dences of a great conflagration in the san, it would be more 
philosophical to conclude that the materials of the sac, 
pound for pound, produce more heat than our own. There 
are at least two other ways of proving the unsoundness of 
the one objection against the chemical theory ; these we 
will attend to shortly. "We now go on with the remaining 
facts from the sun in favor of that theory. 

10. The genera! surface of the sun between the bright 
ridges of flames, is thickly strewed over with small dark- 
looking specks in a state of change, appearing and disap- 
pearing. They seem like mere points at this distance, and 
convev the id'a of chemical action. The part of the sun's 
d k 1 b 1 spots, and the bright ridges, " is 

f f m b f mly bright Its ground is finely 

mil h nee of minute dark spots or pores, 

wh h h y watched, are found to be in a con- 

f h There is nothing which represents 

f hf lly h ppea nee as the alow subsidence of soaae 
fl I h m cal I pitates in a transparent fluid, when 
1 1 TP d 1 ly from above." * Schwabe, a very 
1 bl G b r, gives the following description : 

Th f p rt ! Tug between tbo vein-like luminons 

ds — I ns f fl me ' — on the general surface of the 

sun, are deeper depressions and always present a shagreen- 
like gray, and sand-hke appearance, reminding the observer 
of a mass of uniformly-sized grains of sand. On this 
shagrcen-liko surface we may occasionally notice exceed- 
• Hcrsehel's "Outlines." 



Hcssdb, Google 



90 THE Sira SPOTS. 

ingly small faint gray, not black, pores, wLicli are further 
interaected by very delicate dark veins. These fores, vjhen 
present in large masses, form gray nehidous groups., constitut- 
ing (Ae penumhra of the mn-^ots." Here we learn tlie 
origin of tbe large spots. 

11. These "eun-spofs," dark-looking patcliea on the 
suu's disk, and surrounded by a less dark border called the 
penumbra, appear very commonly in the near vicinity of 
the brighter ridges of flame, Thomas Dick says : " For 
several years past, when any of these faculse or ridges have 
appeared on the eastern margin, I have nniformly been 
enabled to predict the appearance of a large spot or two 
within the course of twenty-four or thirty hours, and in more 
than twenty or thirty instances I have never been disap- 
pointed." These spots are probably light, but seem dark 
by reason of the greater brightness of the sun's general 
surface ; just as the brightest artificial lights, when held up 
before tbe sun, seem dork When compared with the planet 
Mercury, in its tran t (b un, they seem the brighter. 

Dr. Henry, since app ntei S tary of the Smithsonian 
InstitutioQ, found, by p j t n the image of the sun on a 
screen, that the sp t ad at 1 1 heat than the brighter 
portions of the sun Th f the spots vary from tbe 

smallest perceptible pore wluch, to be visible, must be from 
four hundred to five hundred miles in diameter, to otiiers 
which have been 45,000 miles in diameter. Generally they 
are roundish, with some Irregularities, sometimes angular, 
and occasionally of irregular fantastic shapes. 

The stm is seldom entirely free from spots, and in some 
years they are especially numerous. Dick says : " On the 
16th of November, 1835, 1 perceived about ten different 
cluster, and within the limits of two of the clusters sixty 
different spots were counted, and in the whole of the other 
clusters about sixty more, making in all about one hundred 
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and twenty spots great and small. On other occasions 1 have 
couated one liundred and thirty and one hundred and fifty 
spots. Siieh a number of spots arc generally arranged in ten 
or twelve different clusters, each cluster having one or two 
large spots, surrounded with a number of smaller ones. The 
duration of the spots is various, from twelve hours to six 
or seven weeks." 

The changes which the spots undergo, and their history 
from their first appearance until they vanish, throw much 
light on their nature and on the constitution of the sun. As 
already said, the pores, when collected in masses, form the 
penumbra, and this is the beginning of the spot. As it 
grows and enlarges, the dark nucleus begins to appear in 
the centre. This nucleus increases in size as the penumbra 
iucreases, and when the penumbra contracts, the nucleus 
contracts simultaneously. " During the process of diminn- 
tion," says Dick, " the penumbra encroaches gradually on 
the nucleus, and it sometimes happens that the encroach- 
ment of the penumbra divides the nucleus into two or 
more parts. When the spots disappear, the penumbra con- 
tinues for a short time visible after the nucleus has vanished." 
" In cases of disappearance the central dark, spot always con- 
tracts to a point, and vanishes before the border." • It is 
therefore evident that the penumbra is the most important 
element in the spot. It has an independent existence ; for 
it is seen before the nucleus appears, and after the nucleus 
has faded away. The nucleus would seem nothing more 
than the penumbra, whatever it be, turned dark. Some- 
times a penumbra has not only one or two, hut even six or 
eight dark patches toward its middle. The color of the 
penumbra, though lighter than the nucleus, is not always 
uniform, some regions being darker and others lighter even 
in the same spot. 

• HerBciiel's " Outllcea." 
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A very important fact in tlieir history is that sometimes, 
though rather rarely, slits or cracks appear in the dark 
nucleus, and bright lines of light shine through. In the 
figures given by observers we see the precise appearance 
of shrinkage cracks in drying mud, only they are not so 
numerous ; they seem as if the nucleus had contracted 
within the penumbra, and subjected itself to these fissures. 
A picture of a largo spot is given in the " iVIonlhly Notices 
of the Eoyal Astro uoniical Society," vol, xxiii., p. 110, 
where, instead of a narrow crack in the interior of the 
nucleus, there appears a large bright patch. It is as if 
one of the cracks had been violently widened, and its edges 
broken away by the upward force of the melted boiling ma- 
terial below, which is showing its splendor through the 
broad opening made ia the spot. 

Another very decisive fact in their history is tlieir sud- 
den cracking and breaking into fragments like a cake of 
ice on au agitated water. " Occasionally they break up, 
or divide into two or more, and in these cases offer every 
evidence of that extreme mobility which belongs only to 
the fluid state." * Dr. Long, in his " Astronomy," vol. ii., 
states that " while he was viewing the image of the sun 
cast through a telescope upon a white paper, he saw one 
roundish spot, by estimation not less in diameter than our 
earth, break into two, which immediately receded fiom 
one another with prodigious velocity," The Eev. Dr. "Wol- 
laaton, when viewing the sun with a reflecting telescope, 
perceived a similar phenomenon. A spot burst in pieces 
wliilc he was observing it, " like a piece of ice, which, 
thrown upon a frozen pond, breaks into piei'es and slides in 
various directions." 

When a spot is growing, all its lines, those between the 
nucleus and the penumbra, and outside bounding the pe- 
• Hcrsebel's "Outlines." 
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nurnbra, are clearer, more distinct and continuous ; when 
the spot begins to diminish, then the lines become fainter, 
more hazy, broken, and jagged. 

Immediately around the spots the surface of the sun is 
brighter and more luminous than ifs general face, giving 
the spots, especially when large, the appearance of a bright 
border. 

All these well-observed and well- authenticated facts re- 
specting the spots, seem to me to furnish ample evidence of 
their nature, especially as all the facts relating to the spots, 
all the facts in the physical constitution of the sua and fixed 
stars, all the facts in the formation of the earth and the 
solar system, point with most singular harmony to one and 
the same conclusion. The conclusion is this ; 

The spots arc solid bodies floating in the midst of the 
flames on the liquid surface of the sun, and they are formed 
of incombustible chemical compounds. They are solid, be- 
cause they are liable to crack and break. No gaseous, no 
liquid bodies, can possibly present such appearances of 
straight and angular fissures — sharply defined, with the 
clear light sMning through. If tlicy were not solid, they 
could not present the appearances of cracking and breaking 
into many pieces, and these pieces flying asunder like ice 
on agitated waters. They are incombustible, becaase they 
evidently do not bum in the midst of all that heat. In 
Iheir beginning, when very small, they are the aggregations, 
according to Schwabe, of minute pores — miante to us, but 
to be seen at all they must be a few hundred miles in 
diameter. If these pores and other small spots were com- 
bustible, they would not grow to a large size, they would be 
consumed. When they finally disappear, it is, as I shall 
try to show, by melting. These incombustible solids are 
chemical compounds ; if thoy were not, if they were un- 
d simple elements, they would burn, for universally 
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the TiatUTe of these is to unite and thua prodace huroing 
But after they arc united they are incomhnstihle, like sfone 
or water, until hy some special process they are again sep- 
arated. The ground beneath our feet, the general crust of 
the earth everywhere, is in this chemically compound in- 
combustible condition, and so great a globe could not possi- 
bly have got in this condition but by burning. 

The dark nucleus in the centre of the spot is merely the 
penumbra losing its brightness, because it is sKghtly cool- 
ing, and cooling because that region was formed first, and 
has had the longest time to radiate away its heat ; it must 
also be the thickest, and therefore less afiecfed by the heat 
below, and it is farthest removed from the surrounding 
flames. These spots, as already stated, have been proved 
to be less hot than the flames. We can thus understand 
■why, aa the penumbra increases in size, the nucleus in- 
creases, and why, as the penumbra begins to melt and de- 
crease, the nucleus also resumes its lighter color, and dis- 
appears. We can also understand why the penumbra, as 
it encroaches on the nucleus, occasionally divides it in two, 
and also why in the same spot there may be several nuclei. 
The spots may not in all cases be everywhere even in 
thickness. The central parts, which are the thickest, must 
be the darkest, for their external surfaces on account of tliis 
thickness are best protected against the interior heat of the 
sua. If there be two or more portions thicker than the 
average, there may be on that account two or more nuclei. 
For a similar reason we can perceive why the penumbra in 
different portions has lighter and darker shades of color, the 
thicker portions having the darker shades. 

We can readily understand the effect upon the sun when 
the spots grow to be large. A spot equal in size to the 
continents of North or South America, or to those of Africa 
and Asia, with Europe united, would not be ( 
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Some, as already said, have been known U> be twenty, or 
thirty, or forty thousand miles in diameter. Kow, as these 
spots radiate comparatively little heat, and as the light and 
consequently the heat come chiefly from the liquid body of 
the smi, those spots must obstruct the heat to an incon- 
ceivable amount. In proporiioa to their great breadth, 
and to their want of radiation, raust be the magnitude of 
the obafmction they oppose. Then the heat must escape in 
more than ordinary abundance all ai'ound the vicinity of the 
spot. Just here is where the tall ridges of flame arise, and 
here we see the bright border all arouad the spot. These 
bright borders, and these elevated sheets of flame, can thna, 
from the extra escape of heat, be most naturally accounted for. 

Another effect of this obstruction, and consequently this 
confinement and accumulation of heat below the immense 
spots, is, according to all known laws of matter, expansion 
of the liquid materials, upward currents, and great agita- 
tions. We must in the sun look for more violent upheavings 
from beneath the spots than all the earthquake power be- 
neath the crust of our own little planet. No wonder that 
in the exertions of this mighty force of heat an entire con- 
tinental spot should he split and shaken in pieces I No 
wonder that from these upward-boiling currents an observer 
now and then sees the fragments of a spot fly asunder in 
various directions with " prodigious velocity." 

Another effect of this obstruction and vast accumulation 
of heat, is ultimately to melt the spots and cause their ex- 
tinction. Their peculiar appearance as they are about to 
vanish, or rather the difference between their appearances 
when they are increasing and when they are decreasing, 
may be clearly accounted for by our present views. As al- 
ready said, when a spot is growing, all its lines, those be- 
tween the nucleus and the penumbra, and those ontsi'lc 
bounding the penumbra, arc clearer, more direct and cou- 
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tinuous ; when the spot begios to diminish the liaos become 
fainter, more ha^y and broken. The descriptions of ob- 
servers remind us of the difFercnce between a forming cloud 
wilh its outlines full and elear, and a vanishing cloud with 
ita outliaes obscure and jagged. The parallel between 
the spots and the clouds in this respect is striking, and it 
arises from similar causes in both eases. The beginning, 
both of the cloud and of the spot, is one of condensation or 
aggregation ; the end is a process of dissolving, melting. 
We have all seen the torn and obscure appearance of ice in 
the spring, as it melts on a pond. Often it can hardly be 
told which is ice and which is water. As it departs or 
melts away, it is always more or less irregular and ill de- 
fined in its outlines, the same as the dissolving cloud or the 
vanishing spot in the sun. 

From the facts before us it appears that the temperature 
of the sun is not high enough to prevent the solidification 
of small masses on its surface, but yet high enough to pre- 
vent those masses from growing so large as to hinder the 
escape of an essential portion of heat ; and whenever the 
heat is considerably obstructed and imprisoned, it soon ac- 
quires a temperature sufficient fo dissolve the imprisoning 
wall. There is thus a constant struggle between the ten- 
dency to solidify and the tendency to dissolve, each one by 
turns gaining the mastery. Every spot, tlierefore, exhibits 
a cycle of the hardening and melting processes, beginning at 
a small point, growing gradually to a maximam, and then 
gradually waning to a small point again. In the same way 
there is a cycle of about ten or eleven years, during whidi 
a minimum of feiv or no spots, slowly increases to a maxi- 
mum of many spots, and then slowly diminishes to few or 
no spots again. Here also we probably see the alternations 
in the contest between opposing forces, probably involving 
chemical operations in the cycle, bat altogether unknown 
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as yet. Tlie cycles of tlio many indiyidual ppols appearing 
during tlie long cycle of t«n years, remind us of small rip- 
ples on the backs of large waves. From tJie intense lieat in 
the sun it is probable that the spots are not dark or iinlii- 
minous, but really incandescent ; hence they appear lifthtiT 
ttian a planet in its transit, and lience their indications of 
beat, though less than in the brighter flames. 

12. Currents in the Liquid Body of the Sun. These 
currents aie inditated by the spots It i\ as roy intention 
to introduce here the results cf ill the publislnl obsci^c 
tions and calcuHtions n-^pecting these movementi, but is 
yet such tn attempt ^\ ould be piemttun, M my more 
obsei\ationa, contmned duimg ae\er^l yenrs, anl madt, on 
the same "ieries of conBecutive days on diftnent fciks of 
the globe, are neccasaiy foi a complete understanding of 
this giand and diflicult "ubject It is from our i^oiance 
of these cunents that there la still an unceitiintv about 
the time of the rotation of the «un on its asii to tLi, 
amount of eight houri an uncerfimty of stvei il dL^Tecs 
about the duection to^^ard \-\nOx the van of the sun 
inclines and an uncertainty of half a de^TPo tbout the 
amount ot tint incbnation At present ne simply know 
that there are local and temporary cunents, and virj proh 
ably general and permanent currents. About these latter 
we are especially in ignorance.* The proofs that there are 
very violent local and temporary currents are as follows : 

First. The breaking of the spots, and the flying asunder 
of their fragments. These motions are described as of " pro- 
digious velocity," and like the pieces of a cake of ice ivhen 
thrown on a frozen pond. An adequate and natural cause 
for such events immediately presents itself to the mind. As 
the heat of the sun is certainly known to be obstructed by the 

* ■When this was written llr. CamiistOJi'3 work en the Sv.n 'uaO 
not been publieheil. 
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spots, and as the apota are larger than the great spreadiug 
contiacnts of our globe, they muat cause an mconeeivable 
accomulation. of heat below them, and that heat must 
expand all the liquid beneath the spola, and hence give 
these liquids a mighty upward impulse. Then it is natural 
that the solid continental spot immediately over this tre- 
mendous boiling, should occasionally be rent in pieces, and 
that these pieces should bo hurled apart by the outward 
spreading of the vertical current. This vertical current 
may be hastened by the dilatation, not only from the heat 
directly, hut also from extraordinary chemical processes, 
occasioned hy the unwonted heat. Even wiihoat the agency 
of the spots, and without the evidences they supply of ver- 
tical currents, there are well-known natural principles that 
cause vertical currents in all liquids which radiate much 
heat from their surfaces, and therefore such vertical cur- 
rents must circulate in the sun. 

Secondly. Theapproacb to each other, or the departure 
from each other of two spots. In the "Monthly Notices 
of the Eoyal Astronomical Society," lately published, au 
account and drawing are given of a large spot that broke 
in two, and of the increasing distances apart day by day 
of the two fragments. In the " Comptes Eendus do 
I'Academie dea Sciences," 1842, torn, xv., p. 941, M. Latt- 
gier reports two spots, whose angular distance from each 
other was 44° 39' on Juue 29th, 1838, and again on July 
2d, their angular distance was 4G° 2'. He reports two 
others, May 24th, 1840, at the angular distance of 78° 30', 
and on the 27th then- angular distance was only 73° 32'. 
He concluded that their approach toward each other was 
at the rate of one hundred and eleven metres per second, 
or two hundred and fifty miles per hour. 

Thirdly. Another method of proving the existence of 
lopal and temporary currents is by the lime which each spot. 
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in or near llie same latitudes, requires to make one revolu- 
tion around the sua. In the Memoir just cited, M. Laugier 
found the time of thcreyolutioaof thesunonitsaxia to he hy 
one spot 25.34 days, by another 2i.28 days, and hy another 
26.23 days. If we take the first or mean, twenty-five and 
one-tliird days, as the true time of the sun's rotation, then the 
second or shortest would indicate a current of about two hun- 
dred miles per hour, in the direction of the sun's rotation ; and 
then also the longest would indicate a current of ahout one 
hundred and fifty miles per hour, ia a direction contrary to 
the san's rotation. All these numbers are very high, from 
one hundred and fifty to two hundred and fifty miles per 
hour ; they arc obtained by two very difierent methods — 
one by the approach together of two spots, and the other 
by the passage of spots around the sun. The harmony 
between fie two methods is remarkable ; and yet high as the 
velocity of these currents appears, it does not convey to 
the mind as high a velocity as the description in the first 
method, about the breaking of a spot and the flying 
asunder of its fragments. 

Such very violent, local, and temporary currents must be 
attended with rough agitations on the liquid surface of the 
sun. Many other facta indicate the same condition of 
agitation, as the escape of so much heat and light, the 
very tall, raging flames, and the powerful action of chemical 
agencies. The forms of the spots and groups of spots are 
subject to great changes, and these changes may be ex- 
plained by agitations in the rough ocean on which they 
float. A good ilhistralion may be seen ia the different 
features of the same spots, drawn in the " Monthly Notices," 
vol. xxii., p. 299. In one day several round disks were 
seen in a group of spots, and on a succeeding day these 
disks had all preserved their perfectly circular form, except 
(bat a single lai'ge -iLgment had been cut straight ofi" from 
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tbeir sides, precisely the same as waves iu a river or bay 
cut away great segments from a body of ice. 

The constitutiou of the s«n is thus becoming clear and 
definite to oar view. The darfeness of the fixed lines proves 
that the chief source of light and heat is in the body of the 
sun, beneath the agitated fiames. This body is pi-oved to 
be liquid by its currents, as indicated in the movements of 
the spots ; and the vast amouEt of heat arising from the sun, 
proves that the temperature of the sun ia far above the 
point effusion of all known substances. The spots are only 
temporary solids, as shown by tbeir crackiiig, breaking, and 
ultimate melting, and by other peculiar appearances. The 
bright external face of the sun is shown to be fiame, by its 
want of polarized light, and by the darkness of the fixed 
lines. The height of that coating of flame must be a few 
thousand miles, as is proved by the depression of the spots ; 
such depression is proved by the invisibility of the spots 
near the apparent margin of the sun, and by the succession 
of visibility of the opposite sides of the penumbra and of 
the interior nucleus. The brighter portions called faculm 
are shown to he fall ridges of flames by ridges and notches 
actually seen in the sun's limb ; and their pofiilions chiefly 
around the spots, are accounted for by the obstruction which 
the spots oppose to the heat. The spots are known to be 
deficient in heat, and hence the confinement of the heat 
below them, and ita escape around their borders, giving 
rise not only to the extra tall flames, but probably to special 
chemical reactions, and at last to the dissolution of the spots- 
The pores, from their great numbers and from their aggre- 
gations forming penumbra, aid these evidences of the solidity 
of the spots. The vast atmosphere of the sun, the lower 
and visible portions of which rise half a million of miles, 
must extend in its entire height one or two millions of miles. 
The clouds floating in that afmosphere, rise occasionally to 
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the altitude of 80,000 miles, and spread out EOmetimos with 
a breadth of a few hundred thousaod miles. This atmos- 
phere ia a fitliQg supporter of such flames, by carrying off 
fJie incombustible and extinguishing gases, and the clouds 
are becoming appendages of so great a conflagration. The 
hquid constitution of the body of the sun is adapted to allow 
the combinatioa or burning of its chemical elements. The 
estreme agitation both in the flames and in the liquid lie- 
Death, complete the evidences of an immense conflagration, 
affording the light and heat whifh shine on our earth, and 
which are the prime causes of aU motion here, organic or 
inorganic, except the tides, earthquakes, and volcanoes. 

In comparing the proofs of chemical action now going 
on in the sun with the proofs reTiewed in another section, 
of a like action formerly in our earth, two ideas impress us 



First, These two classes of proofs are entirely ir 
ent, and they are very different from each other ; having 
nothing in common except the fact that the combustible 
chemical element* abound both in the earth and in the sun. 

Second. Thesi- two dashes of proofs, being independent 
and different, and leading to the same result, powerfully 
corroborate each other From what we now behold in the 
sun, we are nsore completely convmced that chemical action 
formerly put out earth all aflame , and, from beholding the 
combination of tho chtmicol elements here in our semi-fused 
planet, we are mjre uimpletely convinced of the present 
process of chemical cambinalion m the sun. 

There is a thud cla«3 of proofs m the fixed stars, also 
independent and different, which equally corroborates these 
two, and which is also corroborated by them. To that 
third class wo will now proceed. 
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SECTION" vnr. 

THE CAUSE OF THE LIGHT AKD HEiT OF THE FIXED fiTARS. 

While the proofs in favor of the chemical theory, drawn 
from the earth, the snn, and the fixed stars, are quite inde- 
pendent and different, there is one proof — the possession of 
the chemical elements — which is common to them all. 

By the fixed lines in the spectra of the stars, we have 
evidence of the influite diversity in the stars of those modi- 
ficationa of matter denominated simple chemical elements. 
These lines differ more or less from each other in every 
star, and as the number of the stars is infinite, therefore 
the original matter of creation has been infinitely diversified. 
This iufinitfi diversifloation, however wonderiiil, is really an 
established principle ia the operation of general laws. We 
see no two faces of men or women, and no two leaves of 
the forest, precisely alike. The first and most remarkahle 
property of these simple elements, and also of many of their 
componnds, is to unite and bum. In the fixed stars, there- 
fore, we behold the provision made for chemical action in 
that form which is called combustion or burning. And the 
great diversity of these elements in the stars furnishes tho 
fiiel not only for so many vast conflagrations, but for fiames 
of every imaginable shade of color ; such, in fact, as appear 
in the stars. 

When the simple chemical elements are vaporized by 
heat, and thus suspended in the fiames, as for instance in 
the flame of a lamp furnace, then the fixed lines of those 
elements may appear cither dark or colored. They appear 
colored when seen in the hght of those flames in which the 
elements are suspended ; and they appear dark when seen 
in another more powerful light shining from behind through 
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thoae flames. In. the atara theae lines are dart, and there- 
fore we conclude ■n'ith certainty that the fixed stara are 
surrounded with an envelope of flame so intensely heated 
as to hold the simple elements suspended within them in a 
state of ^apor, and that beneath those flames a more pow- 
erful light comes from the bodies oi the stars, which are 
either solid or liquid. From the movementa of the spots, 
especially as seen in the sun, and from the intensity of the 
light and heat, we cannot doubt that they are liquid. 

CbeHiical action in the fixed stars is further confirmed 
by the universal extension through space of a medium or 
agency producing chemical action. This medium appears 
to be coextensive ■with those media producing light, heat, 
gravitation, and magnetism. When a stone, or a feather, 
or a drop of water falls to the ground, each one doea this 
ty an impulse from the same cause. That cause, whatever 
it be, we call gravitatioa. la like manner we conclude that 
when oxygen combines with hydrogen, or carbon with sul- 
phur, or cldorine with sodium, each combination is eifected 
by the same force. Thia force is generally called chemical 
attraction ; but we know not precisely what it ia ; we are 
certain that it ia a medium or agency extending through all 
space, causing chemical action. It operates by waves or 
vibrationa, like those producing light and heat. The waves 
come from the sun and from the far-distant fixed stars, 
and they show their power by producing a picture on a 
photographic plate. They have been called chemical rays, 
actinic rays, and actinism. Iq the sunbeams and starbcama 
they are associated with light and heat, but they are i-eally 
distinct from light and beat, because they can be separated by 
an ordinary glass prism. Thus we behold through all space 
the universal extension of the chemical medium, and we 
behold in the stars through all apace the existence of the 
chemical elements. And where this chemical mtdium and 
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tliese chemieal elements are found togetlier, tlierc ivo may 
believe in the possiliility of chemical action. 

Besiiles this general argument in favor of chemical action 
ID tjje fixed stars, there ia a large number of special argu- 
ments. These will best appear by adopting the following 
arrangement : 

First. The Periodic stars, whose light waxes and wanes 
periodically. 

Secondly. The Irregular stars, the waxing and waning 
of whose light is not periodic. 

Thirdly. The Lost stars, whose liglit is gone out. 

Fourthly. The Temporary stars, whose light has ap- 
peared for only short intervals, from a few weeks to a few 
months or a few years. 

Fifthly Colored Stars, parlieularly those whose colors 
lia^e changed It is of the highest importance, however, 
to lememlei dnt tliise five classes of ''tnis aie made heie 
merely lor con^cmeuce of discussion T!ie> constitute, in 
fict, but a sragle clasg, foi they all graduate mto each 
othei by insensible degrees aa kindred phenomena Many 
of the periodic stars aie mote or less iriegular m their 
amounts ot light and m their peiiods Temporiry atira 
are also irregnlii, and between the vanablo ind the lu- 
vaiiable stais the difieii.nce is often impeicejtibk Both 
often change tlieir colors 

PERIODIC STAGS. 

The following table contains twenty-four btais whose 
periods liave been more or less accurately ascertained. 
The first cohima contains their names ; the second their 
periods of wasing and waning, in days, bom's, minutes, 
and seconds ; tlie third their maxima, and the fourth their 
a of brightness or size : 



Hcssdb, Google 



GEKMAN OBSEEVEES. 





:z 


H. M. 


S.=. 


M^lma, 


Mi.to^ 


Algoi 


2 


20 48 


69 


2.3 


4 


-J Cephi 




8 47 


39i 


4.3 


5.4 


, Aq'Uo 


7 






3.4 




f Geminorum 


10 






4.8 




fiLy^ 


la 


21 46 


40 


8.4 


4.5 


The Sun 


25 


7? 








/SPegaai 


40 


23 




2 




a HjdTO 


55 








2.3 


a Qeicolis 


GG 








3.4 


SeutiB 


71 


17 




C.5 ki 5.4 


9 to 6 




'?9 


3 




2 


3.2 


Virginia, E 


149 


21 




7 to 6.7 





a Ononis 








1 


1.2 


LconisK 


812 


18 




B 





Corona, R 













Mira OetL 


S3I 


20 




4 to 3.1 





Pegaai P 


350 











Serpeotis R 


359 






6.7 





&erpeiitia& 


380 











CottCn E 


S80 






1 





AqnaniB 


38S 






a t«e.7 





SOflyJraHeveiu. 


49S 


1 




6.7 to 4 






E Auufre 








3.4 


4.5 


Cantrib 








7.8 





The substance of this table in due to Agcltradcr, by 
whom it was furnished for the third volume of the" Cosmos" 
of Humboldt.* In two other colurans he added tha names 
of the discoverers and the dates of the discoveries of the 
periods of these stars. He arranged them in the order of 
the dates of their discovery, but I have disposed them in 
reference to the lengths of their periods, which throws some 
light on their nature. Double this number of periodic stars 
might have been added from other sources ; my object, 

' Agelander, in the "Cosmos," sajs: "Foe the purpcse of clearly 
and couvcnieatly desLgnating tlie smaller variable stara, ivhich for the 
most part have neither names nor other designations, I Lave allowed 
myself to append to them capitals, since the letters of the Greek and 
the smaller Latin alphabet have, for the most part, been already em. 
ployed by Bayer." 
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however, was not to make a complete catalogue of pcriodio 
stars, but simply a collection large enough, to support my 
inductions. Many facts, further on, are acknowledged by 
quotation marks only ; they are derived from several other 
eminent German observers who contributed their manu- 
scripts for the " Cosmos." 

Tlie sun I have added to this table, partly because in a 
telescopic view its spots greatly vary its appearance and 
make it a variable star, and partly to show the harmony of 
its period of rotation with the periods of the variable stars. 
It is slower than some and more rapid than others, the 
same as we find that its mass is larger than that of some of 
the fixed stars, as ascertained by the binary systems, and 
smaller than others, Sirius for example, judging from their 
amounts of light. 

For myself, it is not possible to look on the periods of 
many of these stars, the first five on the table especially, 
true and punctual to a minute and even to a second, iviih- 
out the deepest conviction that they are caused by rotation 
on their axes with one side brighter than the other. There 
can be no other possible explanation within the preiont 
bounds of oar knowledge. Even the diversifies in Ihe 
lengths of their periods, some of them less than three days 
and others more than five hundred, confirm this view ; for 
they are so similar to the diversities of all astronomical 
phenomena, as seen in the sizes, revolutions, rotations, 
masses, and densities of the heavenly bodies. "While there 
are such diversities among them in every imaginable way, 
they are all the same in being true and constant each one 
to its own period of rotation. This unity in diversity, this 
invoriableness in the periods of well-known rotating spheres, 
as the sun and the planets, and in the periods of some varia- 
ble fixed stars, exhibits an identity which is perfect and im- 
pressive. The explanation of the invariahleness of the one 
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by the invariablcness of tlie other, is simple arid complete. 
After these remark') on the regularity of the periods of some 
periodic stars, it might seem that this is the proper place 
to speak of the irregularities m the periods of others. But 
these irregularities of peiioij and their causes can be better 
explained after attending to several other classes of irregu- 
larities. 

Ireegulaeities of Maxima. — ^By looking at the table 
in the column of maxima, two different maxima will be 
seen for many stars. This indicates that these stars are ir- 
regular in their maxima, being sometimes greater and 
sometimes less. Thus, Mira Ceti occasionally reaches 
nearly the secoad magnitude, and at other times it rises no 
higher than the fonrth. This difference may be caused by 
variations in the sizes or numbers of the dark spots, ob- 
scuring occasionally even the brighter side of the star. 

Xkbegularities op JIinima. — The minima of some 
periodic stars are as irregular as the maxima. In the 
table many of the minima are marked 0, which indicates 
that the light becomes fainter than stars of the tenth mag- 
nitude. At these very low magnitudes, when the star is 
no longer visible to the naked eye, and is seen only through 
powerful glasses, the observafioDS being more difficult arc 
more seldom made. The cause of the difference of minima 
is, doubtless, the same as that of the maxima, namely, varia- 
tions in the sizes of the spots. 

Differences between Maxima and Minima. — Among 
different stars the greatest diyersities are found ; some vary- 
ing the amount of their light from the second to the tenth 
magnitudes, and otherp affording the least perceptible dif- 
ference between maxima and minima. Scuti E at times 
diminishes from the fifth down to the ninth magnitude ; 
once it totally disappeared, and occasionally it varies only 
half a magnitude. Alpha Herculis occasionally " scarcely 
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cliangcs it liglit for months together." " The variability 
of the light of Betelgaese is scarcely notieeahle during some 
periods, hut from 1836 to 1840 they were siriking and (ine- 
qiiivooal." " Corooaj E is variable only at times ; " generally 
it is not a variable star. About other stars there are dis- 
agreementB among observers whether they be variable or 
not. Sir John Herschel classes the temporary star first 
seen in' Cygnus, in the yeai' 1600, among the variable stars ; 
Agolander does not. 

Pebiodic and IirvARi.tBLE Stars the same is na- 
ture. — In the above facts ivo see the easy transition l>e- 
tivcea variable and invaiiablo stars. There can be no 
doubt but that if we jwssessed delicate instrumenis for the 
measurement of light, our snn would be found to he a vari- 
able star ; his spots at times are large and numerous, and 
again they disappear entirely The lame is donbtlesa true 
of hundreds of otl cr stars now regir 1 d t* im iriable. At 
pi sent oar phitomctnc instrum nts aie so deftctivo that 
our chief rcli nee 19 ou our imperfe t senses As light 
and heit are Lindred things ■ne may nnderst^nl our dc- 
ficienci m mcasurmg li^ht by the as istauce we deiive from 
the thermometer m measnnng heat. 

ImiEGULARITIES IN THE INCREASE AND DiJIINUTION OF 

Light. — When periodic stai's increase or decrease the 
amonnt of their light, they do this very generally iu an ir- 
regular way, sometimes rapidly, eometimes slowly, and oc- 
casionally standing still for a while. They have thus cci-- 
taia ROUTINES of irregularliy, and iu bome staks xjjkse 

B0U1'IS£S OP IltEEGULAEITY ALWAYS BEMLVIN THE SASIE ; IN 
OTHERS THE ItOUTINES ARE OCCASIONALLY ALTERED. 

Algol, " Tho augmentation and diminution of its 
brightness are not quite regular, hut when near the mini- 
mum they proceed with greater rapidity. It is, moreover, 
remarkable that this star, after having increased in light for 
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about an liour, remains for nearly fte same period at tlie 
same brightness, and tlien begins more perceptibly to in- 

Delta Cephei increases and decreases with much regu- 
larity except in the latter part of its diminution, when, dur- 
ing eight hours it scarcely changes at all, and very incon- 
siderably for a whole day. 

Eta AquiliE at first increases slowly, then more rapidly, 
and afterwards again more slowly. When it has reaehed 
its maxinmm its brightaess does not diminish quite so regu- 
larly, for after it arrives at a certain stage it dianges more 
slowly than either before or afterwards. 

Beta Lyrco has two maxima and two minima in one 
period. The two maxima are equally brigbt, but one 
minimum is much fainter than the other. The entire course 
of its changes can be accounted for by supposing two op- 
posite quadrants equally bright, and between these, otlier 
two opposite quadrants unequally dark. Then by a revo- 
lution there would be two maxima equal in amount of light, 
and two minima unequal. 

Epsilon Auriga; shows an "alteration of its light either 
extremely irregular, or else in a period of several years 
tliere are several maxima and sevei'al minima ; a question 
which cannot be decided for many years." 

In all these instances where the routines of irregular 
increase and decrease of light remain tlie same constantly, 
we may account for the phenomena by supposing that the 
spois around the star are placed irregularly, thus intercept- 
ing the light irregularly, and that they always keep the same 
sizes and positions. But if their sizes or positions should 
change, then the routines would change. The following is 
an instance : 

Mira Ceti when first visible to the naked eye increases 
in brightness with great rapidity, afterwards more slowly. 
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and at last wiih a scarcely pereeptiMe nugmentatioQ ; thea 
again it diminishes at first slowly, aod afterwards more rap- 
idly. Occasionally this star, at the period of its greatest 
brightness, exhibits for a whole month together scarcely a 
perceptible variation ; at others a difference maybe observed 
in a very few days. On some occasions, after tte star has de- 
creased in brightness for several weeks, there has been a 
period of perfect cessation, or at least a scarcely perceptible 
diminulioQ of light during several days ; this was the case in 
1678 and in 18i7. The above esplanation easily accounts 
for these changes of routine, namely, changes in the spots. 

iKEQtTALITIEa IN TUB PeKIODS OF THE INCREASE AND 

Decrease of Light. — It is noteworthy that periodic stars 
generally, if not universally, take less time in the increase 
than in the diminution of their light, and in some instances 
they vary these times of increase and decrease. Delta 
Cephei takes one day and fifteen hours to pass from its 
minimum to its maximum, and three days and eigUtcoo 
hours to pass back again to its minimum. Zcta Gemino- 
rum takes four days and twenty-one hours for its increase, 
and five days and six hours for its decrease. Eetelguese 
take ninety-one and one-third days for its increase, and one 
hundred and four aod one-balf for its decrease. Mira Ceti 
on a mean takes fifty days to increase from the sixth mag- 
nitude to its maximum, and sixty-nine days to decrease 
again to the same magnitude ; so that this star is visible to 
the naked eye for about four months on an average ; oo> 
casionaUy for five months, and at times for only three 
months. Of course the periods of its increase and decrease 
vary accordingly, and at times the former is longer than 
the latter. The shortest observed period of increase was 
eighty days; this was in 1679; the longest was sixty- 
seven days; this was in 1707. The longest period of de- 
crease was ninety-one days ; tbis ' occurred in 1839 : the 
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shortest was fifty-two days ; ttis took place in IGCO, Tlie 
constancy and the inconstancy of the periods of increast; 
or decrease may be accounted for in the same way as the 
constancy and inconstancy of the routines of the changes 
in the irregularities already described. In fact, the changes 
in the routines of irregularity, and the changes in the 
length of time for tlie increase or decrease of light, arc 
only different views or names of the same thing. 

Ireeghlaeities in the Periods, — We are now pro- 
pared lo understand the variations ia the periods of the 
periodic stars. It has been made evident that variable stars 
have a regular and an irregular element. The regular ele- 
ment is their invariable rotation on their axes, the irregular 
element lies in the changes of the sizes and positions of their 
spots. The punctual periodicity of some of these stars may 
he readily accounted for by their turning ronnd always with 
the same rate of motion, and by the invariableness in the 
sizes and positions of the spots ; and all the various irregu- 
larities we have just described, and still others to bo given, 
may be accounted for by irregularities of the spots similar 
to those with which we are so familiar in the sun. The 
period of the sun's rotation on its axis is inferred from our 
observations of its spots, and sometimes that period seems 
mach longer than at others. This occurs because the spots 
are rapidly moving about, and hence there is an uncertainty 
of forty-eight hours or more about the real period of the 
sun's rotation. Judging from our observations on one spot 
alone, we would infer tliat the sun rotated once on its axis 
ia less time by two days, tban from our observations on 
some other spot. The sizes of the san-spots vary as won- 
derfully as their positions : some have been known to con- 
tract their diameters at the rate of more than a thousand 
miles a day. In this way we see the identity between the 
irregularity of tlio, sun and the irrcgvilarity of the fixed stars. 
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Wc know with absolute certainty what causea the ii-regu- 
lai-ity ol Uie one, and it is plain, therefore, what causes the 
irregularity of the other. The sun and the fixed stars are 
bodies of the same nature. From their masses, as seen iu 
the binary systems, and from the amounts of light coupled 
with their distances, we know that they are similar in their 
sizes, though having diYorsities among them as among the 
planets of the solar system. These irregularities in the 
periods of tte fixed stars are, in truth, new bonds of con- 
nection between distant parts of the universe : they show in 
a new aspect the intimate family likeness between the sun 
and the stars. 

There is another way of connecting the irregular periods 
of the periodic stars with the changes in the sizes and posi- 
tions of the spots. Those changes in the spots, as we have 
seen, produce changes in the routines of irregularity in the 
light of the stars. Spots when large and irregularly disposed, 
cause irregularities in a star's light. When the sizes or 
positions of the spots are changed, then the irregularities 
in a star's hght must change correspondingly ; and with this 
change of routine the change of the star's period is con- 
nected by tlie following law : 

The geeatek the ikriigulakities m the routines 

OF I.I6I1T FROM AKY TEEIODIC 8TAK, THE GREATER AKB THE 
lEKEGTJLAErnES OF ITS PEKIOD : WHEN THE EOUnNE OF 
IKREGTTLABITIES REMAINS THE SAME, THEN THE PEKIOD 

KKMAINS THE SAME. This law may be illustrated by many 
facts, and it shows that (Ae changes in the periods of the ^peri- 
odic stars, are due to the same cause as the changes in their rou- 
tines of Ught. If the changes of the spots produce the one, 
they must produce tlio other. First, we will review the 
instances where the routines and the periods are constant, 
and then the instances where both are alike inconstant. 
Algol in 17Si had a period of two days, twenty-one 
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hours, forty-eiglit minutes, fifty-nine and a half seconds : in 
Uie year 1842, that is, fifty-eight years aftenrardsjlhe period 
was only four and one-fifth seconds shorter. Careful oh- 
scrvations now going on will probaWy show that this small 
difference is cansed by changes in the distance between 
that star and the sun. As four and one-fifth seconds repre- 
sent a distance travelled by light less than a million of 
miles, it will at once be seen that so short a difference in 
tlie period may have been made by a change of distance. 
The period of this star, therefore, may be regarded as regu- 
lar ; its routine of changes also remains the same. 

Delta Cephei. " Of all knowo variable stars, this 
exhibits the greatest regularity in every respect," that is, 
both in the changes of its light and the duration of its 
period. 

Eta Aquilie. " At long intervals of time trifling fluctu- 
ations occur in the period of this star, aot amounting to 
more than twenty seconds," and these may yot be found 
due to changes of distance. Its changes of light are as 
constant as its period is regular. 

Zeta Geminorum. " This star has hitherto exhibited 
a perfectly regular course in the variations of its light," as 
well as in its period. 

Beta Lyrse. This star proceeds with great constancy 
through its routine of two maxima and two minima, in a 
very regular period. In 1784, lis period was shorter by 
two and a half hours, and in 1818 by one hour, than in 
1844, when it was twelve days, twcniy-one hours, forty- 
eight minutes, forty seconds. In 1860, the shortening was 
s^in clearly perceptible. Tliis regularity in increasing 
and decreasing its period will probably be found due to 
regular changes of distance. 

In these five stars the constancy of the periods is truly 
wonderful, and the routini'S in their light are just as con- 



Hcssdb, Google 



ili EOUTINES ASD TERIODS. 

slant ; botli facts, doubtless, being alike due to the same 
caase — the steadiness of the spots. We may now briefly 
rcYiew other stars whose periods are irregukr, and whose 
routines in their changes of light are inconstant, both alike 
to be accouQted for by the changes of the spots : 

Scuti B sometimes varies from tiie fifth to the ninth 
magnitude ; at other times it varies less than a single mag- 
nitude. "The duration of its period is also subject to 
considerable fluctuations." 

Alpha Cassiopeiie. " The difierence between its max- 
imum and minimum is small, and is, moreover, as variable 
as the duration of its period." 

Virginia R "maintains its period and its masimnm 
brightness with tolerable regularity ; some deviations, how- 
ever, do occur." 

Leonis E. " The period is somewhat irregular. The 
brightness of the maximnra seems also to fluctuate." 

Alpha Herculis. " Frequently its light scarcely changes 
for months together ; at other times in the maximum it is 
half a magnitude brighter than in the minimum ; " conse- 
qnenfly the period also is very uncertain. 

Coronffi It " is variable only at times," and its period 
is difficult to determine. 

Mira Ceti. I have already given a statement of the 
great inconstancy of this star in the routines of its increase 
and decrease of light. Sometimes it is visible five months 
and sometimes only three. In one rotation it requires only 
thirty days, and in another nearly seventy days, to increase 
its light. In some rotations it takes fifty days, and in others 
ninety days to decrease its light. These numbers refer to 
the times when it is visible to the naked eye. Its entire 
period is equally irregular : it has been as short as three 
hundred and six days, and as long as three hundred and 
sixty-seven days. Between these two points it varies by 
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degrees, but not regularly, differing occasionally as much 
as twenty-five days from any law of change that can be 
Eoade to apply." * No changes of distance can explain tho 
large and irregular variations of its period. These must 
have the same cause aa the variations of its routines of 
light, namely the changes of its spots. 

Chi Cygni. This star, in the irregularity both of its 
routines and period, is much like Mira Ceti. 

30. Hydra Ilevelii. " Both its period and its maximum 
brightness are subject to very great irregularities," 

Epsilon Aurigfe. The fluctuations of its light are so 
irregular that its period has not been determined. 

Instances enough have now been given. Among all the 
other periodic stars withiu my knowledge not here men- 
tioned, there are none which differ in character from these, 
or point to any other cause of irregularity. The law above 
announced seems fully established, and with it some Im- 
p or (ant consequences. 

We may assume that a spot on the sun 45,000 miles in 
diameter intercepts much light. Occasionally there are close 
groups of spots 120,000 miles in diameter ; and more than 
one hundred spots, great and small, are visible at a time, 
the smallest of which are 1,000 miles wide. Around the 
spots, however, there is generally a superior brightness which 
acts partly as a compensation. Had we a photometer as 
delicate in measuring light as are our thermometers in 
measuring heat, doubtless we would see that these great 
spots and groups of spots, lessen the light of the aun. As- 
suming that they do, we have this statement of fact and 
inference. The sun by his spots is made a periodic star. 
By the changes of the positions of the spots, his periods are 
made irregular, differing from one another aa much as two 
days. By the changes in the sizes of the spots there is an 
* " Cosmos," vol. iii., p. 229. Note. 
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irregularity in bis maxima and minima, and in the routiue 
of bis changes. In the fixed stao-s we see the same connec- 
tion ietween the irregularities of the periods and the irregvf 
larities of maxima and minima and of their routines. These 
two connected irregularities in so many fixed stars must 
be due to the same cause as the like connected irregularities 
in the sun, namely, to the changes both in the sizes and in 
the positions of the spots. The connection of two such dis- 
tinct irregularities in the stars, coupled with a like connection 
of distinct irregularities iu the sun, is a weighty consideration. 
It lends additional and independent evidence for the exist- 
ence and iaflnence of spots in the stars. 

But what shall we say of those periodic stars whose 
periods and routines of light do not change ? We ha^e seen 
that the constitution of the sun is liquid, and that his spots 
ace cooled and hardened portions floating la the rapid car- 
rents — they are floating islands, ia fact. But in the case 
of periodic stars whose periods are iflvariable, the spots do not 
move. They must then be continental in their characters ; 
they reach more or less around the star, and form a firm, 
immovable framework, allowing still vast floods of light to 
flow forth from those parts which are not yet covered by 
the spots. The crust of our earth is beheved to rest on a 
liquid ocean below. Once the solid parts were only float- 
ing islands ; then these as they grew, coalesced forming one 
body which moved about no more ; but this body was not 
yet large enough to cover all the liquid heaeath, or to ob- 
struct all the light. Our earth was then a periodic star, 
with a regular period and a constant routine of light 

On well-known physical principles, and iu accordance 
with familiar facts, we have now seen an easy explanation 
for all the peculiar phenomena of periodic stars, save one, 
and that is the shorter time required for the increase than 
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for the decrease of their light. If the interception of their 
ligtt be made Ijy spots ia the form of floating islands, then 
the tatfer end of an island, as the star moves round, mnst 

be broader than the preceding end. , — — — j. -• 

If the figure A B represent a part A c<(^ ~^^^^ r 

of (he surface of a slar, and C D ~ — "^ 

a spot, then as the rotation is from A toward E, the end D 
of the spot TTould first appear, and the light would diminish 
until it had passed as far as E, the widest part representing 
the minimura of light. Then the augmentation of light 
would begin, and plainly it would require a shorter time 
for the increase of the light, because that end of the spot is 
shorter. From recent very imperfect researches it appears 
to me that the spots and the groups of spots in the sun 
move with their longer and narrower ends foremost. This, 
however, needs confirmation. If it prove true, then we 
have the very explanation demanded. Eat why in a group 
of spots should there be this tendency in the broader ones 
to lag behind? One reason seems to be this: The 
largest spots would be the thickest, and if so would float 
highest above the general liquid surface. Solid lava floats 
buoyantly on liquid lava, as seen in volcanic streams and 
pools : solid slag floats lightly on meUed slag at an iron 
furnace : solid cast iron swims easily on cast iron melted. 
The higher the island the slower it would move, and ac- 
quire more and more a tendency to lag behind. This is 
one of the laws of rotary motion ; if onr earth were to ex- 
pand, it would rotate more slowly ; if it should contract, its 
rotation would be hastened. Moreover, sound reasons 
have been given for currents in the atmosphere of the sua 
in the equatorial regions, moving in a direction contrary to 
the sun's rotation, similar to the trade winds on our earth. 
For the same reasons currents of the same kind must move 
in the atmospheres of the stars, and hence the largest float- 
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ing island of a group, or the largest end of a spot, from its 
heiglit and breadtli, would be delayed by tJie atmosplieric 
current more tlian the smaller ones, and would thus be 
placed io the rear. Thus the fact that a shorter time is re- 
quired for the increase than for the decrease of a star's light, 
confirms the idea of floating islands. 

We may derive an additional confirmation from view- 
ing a terrestrial globe, a picture of our planet. There are 
weighty geological reasons for believing that the continents 
and large islands represent those portions of the earth's 
crust which first solidified, and the oceans those portions 
which remained liquid the longest ; and that when general 
contraction and wrinkling took place, the softer, thinner, 
and more recently hardened portions sank down, forming 
the ocean floors. The continents and islands, therefore, 
would represent in a general way the spots. Then with 
such spots on our burning and shining globe, the maximum 
of light would be over the Pacific Ocean ; slowly there would 
be an irregular decrease of light, and the minimum would 
be a little east of the centre of Africa. Then there would be 
a much shorter time for the increase of light and a second 
maximum over the Atlantic Ocean. The secoud minimum 
over the American continent would have nearly equal times 
for the decrease and the increase of light. Al! the changes 
would be irregular, as in the periodic stars ; there would 
be no steady rate of augmentation and diminution of light. 
And there would be two maxima and two minima, as in 
the case of Beta Lyrse. If the ocean were lifted up as it 
was formerly in a state of vapor by heat, we would see 
the continents united at Eehring'a Strait, where the water 
is now quite shallow. They thus formed a firm frame- 
work, preventing irregular movements. To the cast- 
ward of the largest continent there lie scattered for a 
long distance very many islands. The atols prove (hat 
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mncli the largest amoTint of them have sunk slowly down 
beneath the present ocean level, as waa shown hy Darwin. 
How remarkably this coincides with the idea already men- 
tioEed, that the smallest spots of a group generally float 
before ! la front of the American continent the same fact 
appears again. 

It was recently proved that the irregularities in the pe- 
riods of the periodic stars, formed a bond of connection 
between them and the sun. Now it appears that the per- 
fect regularity in the periods of other periodic stars, connects 
them with our earth. It may be said that all this is push 
ing a theory too far. On the contrary, the Irne and ulti- 
mate test of any theory is to apply it as closely as possible 
in all the details of its consequences. This strengthens the 
right theory, and invariably breaks down a wrong one, 

Another recommendation of this theory is, that it ig- 
nores all essential distinction in their natures between the 
fixed stars, the sun, the earth, the moon, and the other 
planets and satellites. It regards them as bodies aU Ain- 
dameutally the same, but in different stages of the same 
progressive change. This same truth is strongly made evi- 
dent by other independent astronomical evidence. The 
classiScation into sun, planets, and satellites, is useful 
merely to show the relations between the members of oar 
own, or of other similar systems ; but I have already proved 
that this distinction fades away when we approach other sys- 
tems of double, triple, and multiple stars. Often it is im- 
possible to say which is the sun or the planet, or to decide 
which is the planet and which the satellite. 

It has been supposed that periodic stars are caused by 
dark planetary bodies revolving around tliem, and thus 
periodically obstructing their light. This idea would apply 
best to Algol, because the interruption of its rays is for a 
shorter time than in any other star. StiO this interruption 
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of more or less of its liglit, amounts to about onc-cighth of 
ita entire period, and hence the planetary body would have 
to be so large as to occupy about one-eighth of its own 
orbit ; this ia quite an impossible condition, for the two 
globes of such a system would be at once in contact. A 
planetary globe would obstruct the light of sta o an n^ 
and waxing with mathematical regnlavitj B t I h e 
tried to show promioently that the interf renco ot the 
light goes oa with all imaginable routines of eg lir ty 
and that often in the same star these routin ali * 

IRREGULAR STARS. 

Cases occur when it is doubtful whether a star should 
be classed among the periodic or the irregular stars, as for 
instance Hydra Hevelli and Epsilon Aurigie. We can 
easily understand how this may be. If the period of the 
rotation of the star be long, from three hundred to five hun- 
dred days, and if the changes in the sizes and positions of 
the spots be extensive and rapid, then the vai'iations of the 
light arising trom the variations of the spots may entirely 
b d m y -Ti f tl t t t Th 

ir I Imtmjbmhm p thfh 

■nl Th t t y g 1 b j t 1 t 

dbtth itmy tbejm t It 

It y t t t 11 Th m y b 1 11 th 

usfir<nal t Whteat fthsi d 

f th th w saw m y I f th t th 1 ht d 1 t 

f th d t d bj h m 1 t Tl 

t jj rally t dy aiy j, 1 pt tily 

bat because it is generally steady, that is no reason why it 
should be always so. We know of nothing to hinder occa- 
sional unsteadiness, or even extraordinary fluctuations in 
its energy. Therefore, if we are convinced from sufficient 
reasons that chemical action causes the light and heat of 
* See Appeudix VUI. 
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fhe Stars, aoil if ivo see some stars vorj variable in the 
amount of their light, then we are at liberty, in the absence 
of all other causes, lo conclwde that chemical action ia Iho 
stars, as irell as here on the earth, is subject to obstruciions 
and also to extraordinary aetiyjty, 

Coronte R liaa been called a periodic star with a period 
of three hundred and twenty-three days, and, as already 
stated, it ia variable only at times. Ent ila irregularities arc 
most conspicHous. In tlie winter of 1755-'56 it became 
totally invisible ; subsequently it again appeared, and the 
variations of its light were observed as given in the table. 
In 1817 its brightness was nearly constant, and in 1824 
it again became variable. Its constancy again refnrncd 
from 1843 to September, 1845. Toward the end of that 
month a fresh dimioution of Its light commenced. By Oc- 
tober it was no longer visible to the comet-seeker, but it 
reappeared in February, 1846, and by the beginning of 
June had reached its usual magnitude, the sixth. From 
that time until 1850 it was invariable, or nearly so. 

Eta Argus in 1677 was of the fourth magnitude, and by 
1751 it was of the second. In 1815 it was of the fourth. In 
1826 it was of the second. In 1827 it was of the first, and 
declined the same year to tbe second. In 1834 it was between 
the first and second. In 1837 it exceeded all the stars of the 
first magnitude, except Canopus and Siring. Ia Jaanary, 
1838, it again became slightly fainter, until March, 1843, still 
remaining of the first magnitude. In April, 1843, it again 
began to increase, and was superior to Canopus and almost 
equal to Sivius. Smco then it has lost much of its bright- 
ness, and gone throagb various chaages. Such irregu- 
larities can be accounted for only by the supposition of 
irregular action in that process which produces the light of 
the stars. If that process be chemical action, there is 
nothing strange or incredible in ifa varying activity. 
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Many stars are marked on the maps which no longer 
shine in the heavens. Some of these may have been planets 
which have moved out of their recorded places, and others 
may have been errors of position on the maps. Bat after ■ 
milling; all due allowances, it remains certain that some 
stats haie entirely disappeared.* This is very natural, 
■mil just what we should have expected from the fact that 
it 13 the nature of chemical action in any body to come to 
ia end If the cause of the light and heat of the sun and 
stars be chemical action, then lost stars, periodic stars, and 
irregular stars, are quite as mnch in the regular course of 
things as the changing and falling leaves of autumn ; they 
are, in fact, an absolute necessity. In the composition of our 
globe we see all the elements chemically united, the same 
as they must necessarily be combined by a great burning. 
The slight exceptions of the isolation of some elements may 
be accounted for. Hence the former fires of our planet are 
extinct ; their heat alone remains, and our globe may be 
regarded as a lost star. It shines no more by its own inde- 
pendent light, but, liie Venus and Jupiter, it glows mikliy 
with the borrowed light of the sun. Laplace, speaking ot 
temporary stars, said : " Those stars that have become in- 
visible after having surpassed the brilliancy of Jupiter, have 
not changed their places. There exists, therefore, in celes- 
tial spaces dark bodies of equal magnitudes, and probably 
in as great numbers as the stars." Bessell said : " No rea- 
son exists for considering luminosity an essential property 
of these bodies. The fact that numberless stars are visible 
is evidently no proof against the existence of an equally 
iuealculable number of invisible ones." As lost stars are 

* Horsdiol's " Oiillidc^." 
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y for the tlieory of cliemieal action, fliey afford 
strong support to that theory. 



TEMPORARY STARB. 

la order to show the cause of temporary stars, I will 
briefiy describe them, giving only auch items respecting 
them as hear on our purpose, leaving out all historical 
sketches relating to their discovery and contemporary 
eveots. The Chinese records coEtaiu accounts of sev- 
eral temporary stars, hut they are too deficient and unre- 
liable in particulars to be of service here. Each of tlie 
following dates, at the beginning of the paragraphs, repre- 
sents a new temporary star : 

134 B. c. In the constellation Scorpio, and seen by the 
Greek astronomer Hipparchus : it waa a large, conspicuous 
star. 

386 A. D. la Sagittarius : it equalled Venus in brilHaney, 
and was seea only about three weeks. 

827. In Scorpio : recorded by the Arabian astronomers 
as " equal in light to the moon in her quarters." 

945. Between Cepheus and Cassiopeia : it must have 
been large to have attracted attention in these dark ages. 

1012. In Aries, and of extraordinary magnitude, daz- 
aUng the eyes, increasing aad decreasing in size, and be- 
coming sometimes even extinct. It was seen three months. 

1264. Between Cepheus and Cassiopeia : it must have 
been large to have drawn attention in such an age. 

1672. On the 6th of August, betn-een Cepheus and 
Cassiopeia : it is suspected to have been the some as the 
last, and also as the star of 945 a. d. Its brightness at 
first was greater than that of Sirius or Jupiter, comparable 
only to Venus, and discernible by keen eyes in a clear air in 
the daytime even at noon ; at night also through the clouds. 
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ivhoa not very dense, and when all the otlier stars were 
hidden. It scintillated more strongly than stars of the first 
magnitude. In Deeemter it began to dimiuiali, and it de- 
creased gmduaHy until the end of nineteen months after its 
first appearance, when it yaaished. Its changes of color 
will be given among the colored stars. 

1600. In Cygnus, of the third magnitude : after remaining 
several years it began to decrease in brilliancy, especially 
aiJer the year 1619, and it vanished in 1C21. It was seen 
again in 1655, of the third magnitude, and again it disap- 
peared. In November, 1665, it appeared again, extremely 
small, then larger, but not reaching the third magnitude. 
Between 1677 and 1682 it decreased to the sixth magnitude, 
and so it still remains. Sir John Hersehel classes it among 
tlie variable siars, in which be difiers from Argolaader. 

1604, October 10th. In Ophiuchus : it was of the first 
magnitude, greater than Jupiter, but less than Venus ; it 
gradually decreased, and disappeared after about seventeen 
months. 

1670, June 20th. In Yulpos : it was of the first magni- 
tude, but by the 10th of August it had diminished to the 
fifth ; it disappeared after three months, hut reappeared 
again March 17, 1671, when it was of the fourth. In 
April its brightness was very variable. It recovered its 
original splendor in ten months, but in February, 1672, it 
disappeared. It reappeared again, March 29th, as a star 
of the sixth magnitude, and since then it has not been seen. 

1848, April 23th. In Ophiuchus of the fifth magnitude; 
and in 1850 it decreased to the tenth, 

By this brief slatemeot of facts it appears that temporary 
stars have been eminently variable in tlieir amounts of light, 
and therefore they have shown their intimate relationship 
to the class of irregular stars, especially to those which 
have been most irregular, aa Eta Argus and Coronje E. 
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Three of flicm disappeared and appeared again, two of 
them repeating this operation twice. At their first appoai-- 
anee they all, except three, burst forth with the effulgeney 
of first-magnitude stars, some of them more brightly than 
any other star. This large blaze of light, their disappear- 
ance so soon, their extreme variability during their short ex- 
istence, even to disappearing and appearing ^wn, show that 
they are an osaggeration of tte character of Eta Argus, 
■which once rivalled the brilliancy of Sirins. Their per- 
manent disappearance connects them with lost stars. Their 
changes of color connect them with colored stars, especially 
to such as change their colors. Therefore, as they are as- 
sociated indissolnbly with irregular stars, with lost stars, 
and with colored stars, they do not stand alone as distinct 
plienomena to be accounted for only by an independent cause ; 
but the same cause which produces any one of these classes, 
must produce them aU. 

The theory of chemical action is equally adequate for 
the explanation of all these classes. This action may go 
on so feebly, that from such vast distances we may be un- 
able to see its light ; or it may proceed with such unwonted 
energy, that even Sirius may he outdone. We do not know 
■what limits to set to its widest extremes of variation ; but 
■we do know that it may vaiy, and often does vary greatly. 
The causes or conditions of its ■variation are numerous, and 
each indiMduil case haa its peculiarities, and knowing so 
little about the stars, we cannot enttr mto the particu- 
lars. Pseudo volcanoes on our earth may be an illustra- 
tion of the general prmciple The original carbon of oai- 
planet entered into combination ^iith oxygen " in the 
beginning," and formed carbonic acid, which made a 
part of the atmospheie and floated around the globe. Ey 
a very long pioccss, iseLmmgly incredible it first, this same 
carbon wai sii aiated liom the o"s:ygen, and deposited in the 
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form of coal and petroleum in tlie ground. There was nlso 
deposited, in connection witli this, a combination of sulphur 
and iron. By contact between this sulphuret of iroa and the 
atmosplicre, a new chemical process takes place which re- 
Eulta in a paendo-Tolcano ; all the carbon in the vicinity of 
ihe sulphuret of iron begins once more to combine with the 
oxygen of the air, and heat and light on a grand scale are 
produced. Such events occur in the western pai-t of the 
United States, beyond the Mississippi. Sulphur may be 
further described as another example. In the early history 
of the formation of our globe all the sulphur combined with 
other elements. But recently in volcanic operations these 
snlphurous combinations are slowly decomposed, and the 
sulphur is set free again to combine with the oxygen of the 
air and with other elements. Such chemical events as 
these juat mentioned in the history of sulphur and carbon, 
could not have been anticipated by any reasoning d priori. 
Neither can we anticipate how, in the stars, long and intri- 
cate processes shall take place, decomposing old combina- 
tions, and forming new ones on a grand scale, that shall 
produce heat and light visible even here. Spontaneous 
combustions on our earth are not uncommon. Buildings 
on the land and ships on the ocean are often wrapped in 
flames by these mysterious agencies. What occurs on a.small 
scale may occur on a large one. All are familiar with the 
irrcgulai; flickering of a dying lamp. After the o.xtingnish- 
ment of a fire in a burning building, the flames not unfro- 
quently burst out again and spread a new alarm. 

None of the chemical elements are more combustible in 
ordinary conditions than phosphorus. Yet even phosphorus, 
after burning a while, goes out, and then it may bo re- 
kindled to bum vividly again. The experiment is beauti- 
fully performed by taking a piece about a quarter or half 
an inch in diameter, placing it on a slate or smooth stone, 
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and toncliing it ivifli a match. While burning it will melt, 
spread over the slate, and after a wliUe expire. Scrape to- 
gether the residue with a knife-blade, and in so doing it 
will rekindle. This illustrates a principle of grand import- 
ance in our present inquiry. It is this : all burning bodies, 
small and great, must soon be extinguished by their owu 
iDCombustible products, unless these products be removed 
by some externiil agency. A. lamp would expire in a short 
time if the surrounding air had not been so contrived as to 
originate currents to carry oS the products of combustion. 
This principle is applicable to chemical action everywhere, 
on the e£»rth, in the sun, and in the stars. Hence we thould 
e3;pect that if chemical action, in the form of combustion, be 
tlie cause of light and heat in the stars, then, among hun- 
dreds of thousands of cases, some few must occur where 
that combustion is liable to be extinguished by its own in- 
combustible products, or so nearly extinguished that in our 
distant planet wc may no longer see its light. Hut such 
incombustible obstructions may, after a longer or shorter 
time be removed, though it would be rash for us to say ex- 
actly how. They may ultimately be removed, as here, by 
currents in the atmosphere, or by currents in the liquid 
body of the star ; or they may be made to sink down out of 
the way ; or they may be brought by either oue or botli these 
kinds of currents into contact with other substances, which 
may cause fliem to bum again. Our great ocean, for in- 
stance, is the incombustible product of a great conflagration, 
but it may all be burned over again by simple contact with 
a sufficient amount of potassium ; and in this case, very 
much to our purpose when we come to consider changes 
of color among stars, the second burning would be with a 
flame very differently colored. The removal or the renewal 
of these incombustiblcs may require a short time, or millions 
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of years, as the renewal of our carbon io llio forms of coal 
and wood from the carbonic acid in the air. 

Snch fftcts and chemical laws throw light on chemical 
action among the stars. It may go on regularly and steadily, 
or irregularly and unexpectedly strange, even to an appear- 
ance of extinction, for incalculable periods. Carbon may 
bum and pass into an incombustible compound, and after 
millions of years be separated and burn again. The same 
is true of sulphur, of oxygen, and of hydrogen. The 
highly inflammable phosphorus may go out, and again re- 
vive wilh its usual splendor. The flickering of a lamp, the 
many accidental forms of spontaneous combustion, and tlie 
pseudo-volcanoes in the crust of the earth, stow the influ- 
ence of changing conditions on chemical action. Among 
tlie incalculable number of stars, and therefore infinite va- 
rieties of conditions, it is more natural for us to look for a 
few cases of in-egulai'ily in their chemical actions than for 
a uniform sameness. We must necessarily, therefore, ex- 
pect irregular stars and temporary stars. Their deep won- 
der and their myslery vanish before the theory of chemical 
action, and thus fhey afford a firm support for that theory. 

COLORED STARS. 

The stars p "icnt two g at fa t n a d to ol 
The first is the d fi en es b t e a the ol 1 Ii x 

tend to the wid t d gr e th ad th I n s of 

these colors. Th th o y f hem 1 act on u s n tu al 
course and \niho t nj In xpl ns bo h tl j ! 
nomena. Our arfti llhtsalfi ae^n ally t 
the same color, b au e th y a m uly ll i o 1 ts of 
combination bet eea the amo uh t n es nan ely sj en 
on the one sid and carb n ani h Ir n n the oth 
This is the ca w 1 f 11 s 1 p n t 
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ood t rf anl coal ot oU t ndi But I en ve esperi- 
n nt OH all he nor an lements nd fl r compounds ill 
t a 1 e ot comb on tl ej exhib t the w 1 at possible 
range of colors and Tar ous nta and al a lea of the same 
c lor Sulf h r z nc potass u n and o li m thrown on the 
Buifi p of water brass wire th'^t h'W been dippei in acids, 
and all tl e J eiut J il d splays of pyiote hny ■\re familiar 
examples The pleasing lilac | nrple flame of cyanogen is 
al vaj emembe ed As already obserred tl e s m consists 
of n aey thousands of s mple d em cal elemen s, and the 
stars e\ ilently 1 ave s m lar const tut ons On the theory 
that tl c e elemen s are n ■» proee a of 1 ming they should 
diapKy like pyrotechny all mag nable bea tiful colors. 
An 1 th 9 8 T^ hat they do But wh a only a fa nt beam of 
any colored light strikes the eye, it gives no sensation of 
color different from while. The large atara, the seyentecn 
of the first magnitude, for example, are all, when carefully 
examined, of various colors. They are collected, in a 
tabular form a few pages forward, for the purpose of giving 
a connected view not only of their present, but also of their 
past colors, as far aa yet known. 

When speaking of them generally as red, blue, and the 
like, the precise tints of these colors are omitted ; but the 
ahades of red in Aldebaran, Betelguese, and Antares, differ 
sensibly. 

Misa Maria Mitchell has given a careful statement of 
the different shades in the colors of thirty-six double stars 
in the number for July, 1863, of the " American Journal 
of Science and Art." She selected them, not for their 
colors, but for the meaaurement of their distances apart, 
and their angles of position. Thirty of the number are 
particularly described as variously colored ; five were ob- 
served in weather unfavorable for observations on color, 
and of OTIC nothing is said. This is an important annonnce- 
6* 
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ment : of thirty-six stars selected at random, at least ihirtj 
are colored, and probably more. Differing as it does from 
our ordinary ideas of tie colors of stars, still I presume 
from theoretical considerations it exhibits a fine sample of 
what we shall have of all the larger stars, when this de- 
partment of astronomy shall be well cultivated. The ex- 
treme smaller orders wiU he mostly represented as white, 
because their light is too feeble to give the impression of 
color. 

Striive, in his great calalogue of 2,787 double stars, 
published in 1837, speaks particnlarly of the colors of six 
hundred of the largest The majority of these six huaJred 
were colored other than ivhile la either one or both the 
companions. Of those whuh he records as white, the 
larger number probably will hereafter be found to have 
delicate shades of various hues when carefully examined 
with colors as the pnme object m view. Their distances 
aad aisles of position were his chief object, and nice 
varieties of tinta were not in that day much regarded. 

Thus from these three statements, one concerning the 
stars of the first magnitude, one respecting thirty-sis double 
stars, and a third regarding six hundred doable stars, we 
have the evidence that when the stars are large enough to 
give the impressioa of color either by the naked eye or by 
the telescope, they have all that prevalent variety of hues 
which the burning of mineral elements displays. Tiiis is 
another powerful confirmation of the chemical theory of (he 
light of the stars. We must not look for the strong and 
vivid effulgence of pyrotechny, because the amount of star- 
light is 60 email ; as we find, for instance, when we attempt 
to read or to do aught else by starlight. 

In such bodies as the sun and the fixed stars, it is not 
to be supposed that all the elemeuts can occupy the surface 
and give out light at the same time. Only a few probably 
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can do this at once, and the united colors of these elements 
give tiio color for the time being to the star. Nor is it in 
the nature of things that the same elements should always 
be the light-giving ones at the surface. The very process 
of chemical corabiaation forbids tliis. When any one ele- 
ment is fully combined, then its light-giving power ceases, 
until it shall be decomposed and released again, to run a 
new roond of combination. In the mean time auothcr ele- 
ment, or sot of elements, enjoys the predominance of combus- 
tion at the surface, and, of course, of giving out light. The 
light of tliis last set may be of a different color from the 
former, and hence the star would change its color. In strict 
accordance with this very natural view, we find that llie 
stars do actually change their colors. 

When from theoretical considerations I believed that 
the stars change their colors, I began to search for the evi- 
dences of such actual changes. But not a word is said 
about them ia any work on astronomy in the English lan- 
guage. Arago in his French work "Astronomie Populaire," 
givesa few sentences, and these relate chiefly to discrepancies 
in color between the observations of the elder HerscLel and 
the elder Struve on tbe double stars. I therefore began a 
course of observations of my own on the larger stars, all those 
of the first and a few of the second magnitude. These were 
selected because their colors can be unmistakably seen by the 
naked eye on clear nights, at any time, even when walking 
along the streets. By selecting them wo cau enjoy the 
advantage of asking any friends casually present their 
opinions about the color of a star, when we wish our own 
opinions confirmed, or, if need be, rectified. I have re- 
oei^ed valuable assistance in this way. At the same time 
I endeavored to find in books, journals, or periodicals, any 
scattered casual notices about the colors of stars. These 
me to make five short communications to the 
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Academy of Natural Sciences in this city ; extracts from 
wliicti, properly abbreviated and altered, I will here prescat : 

Feb. 10, 1863. — During the past year I have made 
the colored, tte variable, the periodic, the lost, and tlio 
temporary stars a special study. Catalogues have been 
made of some of these classes of stars, but no catalogue has 
yet been made of stars which have changed their colors. 
Indeed, Humboldt, in writing about the red color ascribed 
to Siriiis by the ancient Greeks, says, " Sirius, therefore, 
affords the only example of an hislorlcally proved change 
of color, for it has at present (1850?) a perfectly white 
liglit." And yet, ia apparent contradiction to this, he, in 
other pages of the third volume of Iiis ' Cosmos,' mentions 
other fixed stars whose colors ia modern times have been 
known to change. 

This change of color is one of the greatest physical 
events. Think of our o\ra iaiensely-lighted sun, 2,770,000 
miles in circumference, as being deeply red, then turning 
to be perfectly white, then changing to purple, and then 
again to green 1 What mighty causes must be in operation 
to produce such grand results I This should be made a 
distinct section of astronomical stiidy, and allied to that of 
the other classes of stars just mentioned ; and I therefore 
offer the following as an enumeration of stars whose colors 
have changed. 



1. The tempoi'ary star of 1572, which suddenly broke 
forth with such splendor that it could be seen with the 
naked eye by day at noon, and by night through the clouds 
wbcu !ill other stare wore hidden, sjiono for the first two 
months with a wliite light, then it changed to yellow, then 
it assumed the deep red of Mars, then it appeared with the 
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lighter red of Betelgiiesc, then it took on a shade of red like 
that of Aldeliaran, and at last when ijiiitc small it shone 
with a dull whiteaoss like that of Saturn. Such changes 
in color, along with changes in amount of light, seem nat- 
ural in a. process of combustion among many mineral ele- 
ments, especially in a waning state, when one element after 
another waa expiring. 

2, Eta ArguB. — Humboldt, in the third volume of his 
Cosmos, say^ that this star " is undergoing changes in color, 
as well as in intensity of light. In the year 1843, Mr. 
Mackay noticed at Calcutta that this star was similar in 
color to Arcturua, and was therefore reddish yeltow ; but in 
letters from Santiago de Chili, in February, 1850, Lieutenant 
Gilliss speaks of it as being of a darker color than Mors." 

3, Beta Ursie Minoris has beea described by the careful 
German observer Heis, in these words : " I have had Irc- 
quent opportunities of convincing myself tliat the color of 
this star is not always equally red ; at times it is more or 
less yellow, at others most decidedly red." 

4, Alpha Cvucis, — Humboldt says : " My old friend, 
Captain Berard, who is an admirable observer, wrote from 
Madagascar, in 1847, that he had for some years seen this 
star growing red." 

5, Capolla, — ^Ptolemy associated in color the red star 
Mars with Capella. In 1850 Humboldt wrof« that El Ferga- 
ni, in the middle of the tenth century, on the Euphrates, liad 
" described as red stars Aldebaran, and, singularly enough, 
Capella, which is now yellow, with scarce a tinge of red." 
" Singularly enough," comes out naturally from that veteran 
philosopher, at a time when changes in the colors of stars 
were regarded as incredible. " Eiccioli, in the ' Abnagestum 
Novum,' edition 1650, also reckons Capella, together with 
Antares, Aldebaran, and Arcturus, among red stars." — 

ptembcr, 1859, tlie Ecv. J. B. 
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Kearney, in a lettor to Sir J. Hersctel, printed in the 20th 
volume of the " Monthly Notices of the Royal Astronoioical 
Society," says, " By the M-ay, the color of CapeUa seemr 
much less blue than it used to be." To myself, at present. 
February, 1863, its color appears to he a. delicate pale blue. 
CapeUa, therefore, is recorded to have had four colors — red, 
yellow, blue, and a shade " much less blue." 

6. Siriua, — In the times of the old Greeks and Roman?, 
Sirius was always spoken of in strong terms as being red ; 
Seneca says, " redder than Mars," In the middle ages the 
Arabian astronomers did not name Sirius among the red 
stars, neither did the earlier astronomers of the west of 
Europe. Therefore it seems probable that its color chauged 
from red to white, between the times of the Koman and 
those of the Arabian observers. Humboldt, in 1850, says, 
" it is perfectly white." In 1860, in this city, Dr. 'VVil- 
coclis and a lady friend of his who was qualified to distin- 
guish nice shades of color, pronounced the light of Sirius 
to be purple or violet. In October, 1862, it appeared to 
myself and some friends as the naost deeply colored star in 
the sky, but as more green tlian blue. Ever since then it 
has been decidedly green, though dui-irig the autumn of 
1863 and the beginning of the year 186i the green was 
pnler. The colors of Sirius, therefore, have been rjd, 
" perfectly whit«," violet, and green, 

Catalogue continued, March, 1863, — 7. Pi-ocyon. — In 
1850 Humboldt classed Procyon among the yellow stare. 
Donati, in 1862, quoting Schmidt without date, gives this 
star as being white. Feb. 17, 1863, 1 announced to this 
Academy that Procyon is very decidedly blue ; and in tliis all 
to whom I have referred the color, agree without hesitation. 

8. Eigel. — This star is classed among the white stars 
by Donati, ia a Memoir dated August, 1860, and published 
in the Annals of the Museum at Florence in 1862. It ia 
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now decidedly blue. During the past two monliis it lias 
been observed by myself and some Mends to bo one of the 
most deeply colored of all the stars now visible in this lati- 

9. Alpha Lyrffl, or Vega. — Donati, in the Memoir just 
named, classes Vega amoag (he white stars. Humboldt, ia 
1850 — " Cosmos," vol. iii., p. 183 — says, " the light of 
Alpha Lyraj is blaish." To myself it now appears pale 
blue, very much like Capella. 

10. Castor. — Donati, in 1860, classed Castor among the 
yellow stars. Humboldt, in 1850, says, " Castor is a 
greenish star." — " Cosmos," vol. iii., p. 177. It appears to 
me greenish now — March, 1863. 

The_ two companions of this double star have been 
further described aa follows: yellow and yellowish by 
Sestini ; greenish yellow and green by Dembowski ; brigbt 
and pale white by "Webb ; yeUow and warm yellow by 
Miss Maria Mitchell. 

There is a close cluster of more than a hundred stars, 
known as Kappa Crucis, in the southern hemisphere, and 
when seen through a telescope, the very varied colors of 
its individual stars give it, according to Sir John Hersehel, 
" the eJTect of a superb piece of fancy jewehy." During 
his residence at the Cape of Good Hope, he made a draw- 
ing or map of this group, and stated carefully the colors of 
eight of its most conspicuously colored slars. Just a quai-ter 
of a century later, F. Abbot, Esq., in a communication to 
the Koyal Astronomical Society in England, dated. Private 
Observatory, Hobart Town, May, 1862, describes how tbis 
piece of jewelry has changed. Sis of these eight stars 
have now different colors. The changes, according to bim, 
are as follows ; 

11. Gamma: changed from greenish white to bluish 
purple. There is an error in Mr, Abbot's communication, 
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as printed in the "Moutbly Notices of tlie Eoyal Astro- 
nomical Society." The name of tliis star is there printed 
Nu, instead of Gamma, Sir John's list has no Ku, 

12. Delta : has changed from, green to pale cohalt. 

13. Epsilon ; has changed from red to Indian red. 

14. Zeta ; has changed from green to ultra-marine. 

15. Phi; has changed from hlue green to emerald 
green. 

16. Alpha ^ : has changed from ruddy to the similar 
color of aJl the small stars of that magnitude. "The 
smaller stars, from the tenth to the fourteenth magnitude, 
are generalized, and all partake of nearly the same color- 
Prussian blue — some with a little more or loss tint of red 
or green mixed with the blue." 

It is to me an impressive fact that so many conspicuous 
stars now nightly appear blue or green ; especially as the 
first blue stars were mentioned by Mariotte, so lately as in 
1686 ; — before him, no departure from white was named 
but red, with the exception of the yellow in the temporary 
star of 1572. Capella, Bellatrix, Eigel, Procyon, Vega, 
Spica, are blue ; all deeply so except Capella and Vega. 
Sirius is conspicuously green, and Castor slightly green, 
though I sometimes doubt the greenness of the iatf«r. 
Wlien a star is not of the first magnitude, or when its de- 
parture from white is not very decided, a long fixedness of 
the eye upon it is necessary, and a careful exclusion of arti- 
ficial lights. At least, this is my experience. It has oc- 
curred to myself, and been suggested by others, that pei-- 
Iiaps this blneness of so many large stars now in view, and 
greenness, which is a modification of blue, may be owing 
to som.e special atmospheric cause. For many months the 
air has been unusually damp. But this cannot he tlie cause 
of these colors, for Aldebaran, Betelgaese, aad the planet 
Mars are in the midst or near vicinity of some of these blue 
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and greea stars, and preserve their ordinary redness. Pol- 
lux, liowever, in the same general neighborhood, seems 
hardly entitled to lie called a red star. From tlie fact that 
it was classed among the six decidedly red stars by the 
ancients, I regard it as changed, but desire further time be- 
fore announcing the change in the catalogue. Humboldt 
calls it merely " reddish." 

I would not be premature in speculating on the laws 
or causes of these changes, but must remark that the change 
of Sirius, from its ancient red to white, and now to green, 
is aD in Uie same direction, namely, a relative diminution 
of the red. The three primary colors, red, yellow, and 
blue, with an excess of red, will give a red star ; take away 
the excess of red, and the star will be white ; take away 
still more of the red, and it will be green — that is, a com- 
bination of the remaining yellow and blue, The three 
colors of Sirius, therefore, the ancient red, llie modern 
wliite, and the recent green, may possibly be due to the 
operation of a single cause. WitL tke ordinary proportions 
of red and blue in a white star, a slight dimimition of ilie 
yellow would make the star purple or violet. Thus the 
" perfectly white " of Sirias might be followed by the "vio- 
let," as next afterwards it was observed. 

Catalogue contitmed, June, 1863. — 17. Spica. — This 
star was desciibcd by Humboldt, in 1850, as being "decid- 
edly white." — " Cosmos," vol. iii., p. 181. Donati also ar- 
ranges Spica among the white stars. It is now conspicu- 
ously blue, and has been observed of this color by myself 
and several friends since early in March. 

18. Altair. — Humboldt, in 1850, classes this star along 
with three others which lie says " have a more or less de- 
cidedly yellow light." Donati also arranges it among the 
yellow stars. Altair is now (June, 1863) plainly blue. 

19, Deneb, or Alpha Cygni. "Decidedly white," arc 
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the words employed by Humboldt to register tliis star ia 
1830. At preseot it is decidedly blue, and it lias becu of 
this color since early in May. 

Vega. — This star is placed iu No. 9 of this Catalogue. 
Humboldt, in 1850, described it as bluiah ; Donati, ia 1860, 
as white, oa the authority of Schmidt. During February 
and March of this year, I often compared Vega and Capel- 
la together when they were at tha same altitmJe in the 
uorthern sky, and they seemed of the same lint, " a deli- 
cate pale blue." Aa observer in this city, in tlie middle of 
May, was very decided in saying to me that Vega W!W 
much bluer than Capella. Ou a reobservation of Vega, 
and from my recollection of Capella, I assented to this 
opinion freely. This star, I believed, had deepened its 
blue. Immediately there recurred to my mind the seateaee 
of Kearney, about Capella, in 1859 : " By the way, the color 
of Capella seems less blue than it used to be." Thus both 
these stars had changed their blue, though in opposite direc- 
tions. On the 8th or 9fh of June I requested a fi-iend, who 
is not at all a star-observer, to tell me of what color he re- 
garded that star, pointing to Vega. After looking carefully 
a sufficient time, he said it was green. I again looked ray- 
self, and was surprised to see that it appeared really green. 
Every night since then I have anxiously watched its appear- 
ance, and in very clear nights it seeras green, but when the 
air is vapory or hazy, it scema blue. I have referred it 
to some half dozen individuals, and they, wlien the nights 
have been clear. Lave also pronounced it of a green color. 
Last winter, in clear moonlight nights, I often remarked 
that (lie green color of Sirius was obscured by the infccr- 
miagling rays of the moon, reflected from the atmosphere. 
Now also Vega scarcely appears green by moonlight. There 
is reason to think that this change in the color of stars from 
blue to gi-ccn is not uncommon. Humboldt says, " when 



Hcssdb, Google 



ClIANGEB OF FIE8T MAGNITUDE STARS. 133 

forced to compare together the colors of doable stars, aa re- 
ported by several astronoraere, it ia particularly striking to 
observe how frequently the eompauiou of a red or oraago- 
colored star is reported by some observers as b!uc, and by 
others as green." — "Cosmos," vol. iii., p. 28-i, note, 

STARS OF THE FIRST MAGSITUDE. 
Of the seventeen first magnitude stars, the changes of 
the colors when tabulated, stand as follows ; the changes 
having been in the order they are here placed, the last 
named being their present colors. The numerals refer to 
the authorities following : 

1. Visible in this latitude, the iOi/t degree, id!io$o colors have 



Sirius ; red,' white,^ ' violet-blue,' green.'' ' 
Capella; red,''*'' yellow,^" deep blue,' pale blue. 'i'' 
Vega ; bluish,* white," pale blue," deep blue,* green.* 
Procyon ; yellow,' white,' blue,' 
Alfair: yellow,*'' blue.^* 
Eigel : white,' blue.' 
Spica; white,*"' blue.* 

2. yisihle in this latitude whose colors have not ieen known to 
change, 
Aldebavan : red. "1 All these, along with Siri- 

Eetelguese : red. us and Pollux, were dcuom- 

Antares : red. | iuated fiery red by Ibc aa- 

Arcturns: orange yellow .-f J cicnts. 

3. Invisible in this latitude whose colors have changed. 

Alpha Ciucis : growing red.' 

Eta Argus ; orange yellow," deep red,"' 

■ See tWs Catalogue conlawed, November 10, 18C8. 

f See So. 20 of this Catalogue. 
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4. Invisible -in ilm latitude, 

Canopus. ? 

Alpha EridanJ.? 

Beta Centauri. ? 

Alpha Cenlauri. This is a double star, about the 
colors of the two coiiipaDlons Sir John Herscliel says, 
"Both of a light and niddy or orange color, though that of 
the smaller is of a somewhat more somhre and brownish 
cast." 

Authorities. 1. The ancients; Seneca, Ptolemy, etc, 
2. El Fergani. 3. Eiccioli, 4. Humboldt, 5. Kearney. 
6, Donati, quoting Schmidt. 7, Wileocks. 8. Ennis, 
9. Eerard. 10. GiUiss. 11. Mackay. 

Among the eleven stars of the first magnitude visible in 
this latitude, seven, according to these evidences, have un- 
dergone changes of color, and some of them more changes 
than one. Among the six stars of the first magnitude in 
the southern hernispKere, not visible here, two have changed 
their colors, and of the remainder I can say nothing. And 
nearly all these changes have been sudden, transpiring in 
short periods. Moreover, none of the eleven first magni- 
tude stars visible here arc white — aU are either red, yellow, 
green, or blue, I look with a great deal of surprise on this 
tabular statement. Why has it not been made long ago? 
Probably, in great part, because changes in the colors of 
stars could not he accounted for by any prevailiag scientific 
tlieory. It has been rationally assumed that the stars are 
similar in constitution to the sun, aad the sun lias been en- 
circled with a tlieory which afibrds not the least clue to any 
changes of color. This theory is most singularly compli- 
cated and unfortunate. It surrounds the sun, said to be 
dark, with an apparatus consisting of five distinct atmos- 
pheric envelopes, all regularly arranged one above tlie 
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olher : first, a trauspareiit envelope touching the opaque 
body of the sun ; secondly, an opaque cloudy envelope ; 
thirdly, another transparent envelope ; fourthly, another 
fiery luminous envelope ; fiftlily, a transparent envelope 
suiTonnding all the otliers. Among such a numher of im- 
aginary things, there seems to be no room to imagine how 
changes of color could occur. Hence the mention of a 
change of color in a star has been regarded as anoma- 
lous, as an inconvenient faet, having no relation to any 
popular theories, and no appropriate place in the ordinary 
systems. Hence oliservations on the color'', and on the 
changes of colors, have not lieen stimulated, but rather re- 
pressed, by this complex theory of the sun. 

Another eau^c for the delay in this department of 
astronomy, is the difficulty of deciding on the real colors 
of the stars. The reason why I did not myself first notice 
he greenness of Vega, was because I had been accustomed 

regard it as blue, I relied unknowingly more on my 
belief than on my vision. This is the same as when in 
;wilight, or less often in broad day, we think we see an ob- 
iect very distinctly, and on a more careful view it turns out 

e really something totally different in all its parts. "We 

partly with our judgment, and partly witli our eyes, and 
it often happens that our judgments warp and change the 
mpressions on the eye. The discoverer of the change of 
Sirius from its former white, had been so long accnstomed 
to regard that star as of a purple or violet blue, that it was 
some time after I had said it was green, before he convinced 
himself of its green color. Hundreds of observers had seen 
Sirius through a telescope, and yet Clark, of Boston, was the 
first to notice that it had a companion, although that com- 
panion had been plainly enough in the field of view of all 
their telescopes. Previous observers did not see it, although 
they must have received the impressions on their refinas. 
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In a clear niglit we seem to see, l>y an optical illusion, ten 
thousand stars. The whole heavens swaiTu wilh them, and 
all, on account of their minuteness, appear to the naked eye 
to shine with a white light. The milky way deepens this 
general impression of whiteness. ProbabJy leas than fifty 
sf.'irs on any night, at once, are large enough to give the 
impression of colors to the naked eye. Thus the great mass 
appearing white, we assume that all are wliite, and by this 
meons, the judgment being wrong, the colors strike Ilia 
retina, but are_not noticed. 

Willie the telescope is necessary to distinguish the colors 
of the smaDer stars, I havt 't Bu^picion that the naked eye 
is best for stars of the first mignitude and perhaps for the 
second. Tliese can be seen sufiic ntly well by the unaided 
eye, and no delicate tinis axe absoiheJ or added, as may 
possibly be done by the gla^'^e'* and specula of Instrn- 
inents. The disturbing effects of the atmosphere, of moon- 
light, and of artificial lights, may be avoided by repeating 
the observations at different times. 

Catalogue continued^ November 10, 1863. — Altair and 
Deneb, or Alpha Cygni. The former of these stars was 
described by Humboldt in 1860 as yellow and the latter as 
white. They were numbered 18 and 19 in this Catalogue, 
and announced to be blue in June, 1863. I had watched 
them for several months nearly every clear night, and on 
the 20lh of August I first noticed that they were green. 
On all good nights since then they have appeared to my- 
self and to others, whose opinions I have solicited, to be 
eonspicnously green ; but on damp, slightly hazy nights, 
from the effects of the atmosphere, Ihey appear blue. If is 
rather oppressive for me to make this announcement, for I 
have been obliged already, in a former communication, to 
say that two other large stars, Sirius and Vega, had changed 
from blue to green. Cerfainly this change does not arise 
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from any peculiarities of vision, for I have in all cases care- 
fully consulted the views of others and found them fo ac- 
cord with my own. I know not how to attribute the eliange 
to atmospheric causes, for I had observed them all, 
except Sirius, to be blue several months before, in all 
weathers. 

20. Areturus. — This is one of the stars denominated 
red by the ancients. In modem tinaes, according to reli- 
able observations, it has changed its color. J. F. Julius 
Schmidt, formerly of Olmutz, recently made Director of the 
Astronomical Observatory at Athens, and distinguished for 
his observations on variable stars, which he communicated 
to the Ast. JTaeh., says, that for eleven years he had con- 
sidered Arctunis to be one of the reddeat of the stars, and, 
especially in 1841, he had ranked it in color with Mars. 
To his surpiise in 1852 he saw it to beyellow, and entirely 
destitute of any reddish hue. It then appeared to him by the 
naked eye lighter than Capella. Capella two yeai's before 
had been described by Humboldt as yellow, with scarcely 
a tinge of red ; since then Capella has become blue. Dur- 
ing the present year (1S63), I have dozens of times and in 
all weathers, observed Arcturus to be decidedly orange, and 
of a clear, beautiful color. In tlds I have been confirmed 
by other observers. The colors of Arcturus may therefore 
be stated as having been red, yellow, and orange. 

References have already been made in this Catalogue 
to the changes of color in double and multiple stai's. The 
numbers, such as 3 : 7^, immediately after the names of the 
following double stars, indicate the magnitudes of the com- 
panions. The authorities are given after the colors. Some 
of these I have taken from the original papers, and 
some I have not so verified, but presume them all to be 
correct : 

23. 95 Il'jrculis, 5 :5. — Hitherto catalogued as a di- 
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versety colored pair of stara to an extreme degree ; one 
being described as apple green and the other as cherry red, 
and also rs an astoaishiag yellow green and an egregious 
red. In 1856-58 they were nearly colorless and without 
any diversity of tint, and in this latter manner they were 
described by Struve in 1832-'33, and by Sestini in 1844- 
'45. Hence ii probability of their being colorless once in 
ahoiit twelve years. — G. Piazzi Smyth.* 

In the November number, 1863, of the " Monthly 
Notices of the Eoyal AstroQomical Society," a suggestion 
is made, from very high authority, Professor Airy, that 
because the changes in the two companions have in all 
these cases been simultaneous, they are liable to the suspi- 
cion of having been produced by instrumental causes. But 
this apparent simultaneous ncss of change in both stars may 
have been produced by a real change in only one of them. 
If the two stars were white and one of them were to change 
to an " egregious red," then byconti-ast in close proximity, 
from the well-known principle of complementary colors, the 
other would necessarily appear green. The operation of 
this principle has been very conspicuous in this city during 
political demonstrations and celebrations, when bright red 
lights have been kept burning in the streets. The ordinary 
gaslights all around them bave appeared strongly green. 
It is submitted that this cause for the simultaaeous change 
in both stars, is more probable by far than that three differ- 
ent instruments, in the hands of three different men, in three 
different countries and at as many different periods, should 
all, from some unknown cause, fall into the same error ; 
and this not when directed at the stars generally, but only 
when pointed to a particular one. 

• See the Prooeedinga of the British Sdentifio Association for 1863. 
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22. Mizar, Zefa Uraffi Majorw, 3 : 4.— Both gi'eenisli ivliite. 

Struve. 
White and pale green. Webb. 
Both yellow, the 4 has the deeper hue. Miiulicit, 

18*60, April 30.* 

23. Si Bootis, 3 J ; 6^. — Oraage and parple. Wcbb.| 

Pale yellow and orange. Mitchell, 1862, July 6. 

24. 32 Eridani, 5 : 7.— Bright yellow and flnshed blue. Webb. 

Orange yellow and pale blue. Mitchell, 1861, 

Jan. 31. 
Yellow and pale green, very decided. Mitchell, 

1862, Dee. 28. 
Tollow and green. Mitchell, 1803, Jan. 1. 

25. Gamma Virginia, 4 ; 4. — Silvery white and pale yellow. 

Webb. 
Both yellow. Mitchell, I860, Feb. 20. 

26. 35 Piscium, 6 : 8.— White and purplish. Webb. 

The 6 is light yellow. The 8 is peculiar; 
tliere is a brown mingling with ila reddish 
light. Mitchell, 1860, Jan. 2. 

27. 23 Orionis, 5 : 7. — Greenish white and white. Slrnve. 

Creamy white and blue. Webb. 
The 7 is of a darkish color. Mitchell, 1800, 
Mar. 6. 

28. 39 Ophiuchi, 5J : 7J.— Pale orange and blue. 1838. 

Tlie 7J^ yellow. Sestini, 1846. 
" bluish. Smyth, 1851. 
« clear bluo. Webb, 1854. 

* See "Americim Journal of Science and Art," July, 18(53, for Mifs 
MitriieU's observations. 

^! For several voduable popnliir papers on the double stars, by tlio 
Ecv. Mr. Wollb, SCO the first four volumes of the " Intellectual Olisci'vor," 
London. 



HO,. db, Google 



141) CATALOGUE OP DOUBLE STAES, 

29. Pokria, AlpliaXJrsfe Minoris, 2J ; 9f— Yellow and dull 

white. Stmve. 
Tcllow and blue. Sestini, Daivcs, Wetb. 

30. Iota Canci-i, 5-^ : 8.— The 8 deep garnet, Feb. 8, 1782 ; 

bluish, Doc. 28, 1782; and blue, Mar. 12, 
1785. Herschel, Sr. 
Pale orange and clear blue. Webb. 

31. Sigma Scorpii, 4 : 9-J.— The 9J white. Seslim. 

Dusky and pluta color. Welib. 

32. Delta Corvi, 3 : 8J.— The SJ white. Sestini. 

Pale yellow and purple. Webb. 

S3. Pi Bootis, 3^: 6^.— Both white; a ruddy tinge some- 
times in 6. Webb. 

34. Alpha Ilerculis, 3-^: 5^. — " Intense casrulca." Stvuve. 

Orange and emerald. Webb. 

35. Delta Sei-pentis, 3 : 5. — Tellow tints. Dumbownki. 

Bright while and bluish white. Webb. 
Both bluish. Webb. 

3G. Eta Cassiopca;, 4 : 7ii-. — " Flavii ct purpurea." Struvo, 
Fletcher. 
Red and green. Hersehcl, Jr., South. 
Yellow and orange. Sestini. 
Dull white aad lilac. Webb. 

37. Iota Bootis, i^ : 8.— The 8 azure. Sestini. 

The 8 lilac. Webb, 1850. 

Light yellow and dusky white. Webb, 1850. 

38. 39 Bootis, 5^:Gi.— White and lilac. Some writers 

ascribe a bluish and some a ruddy linl to Gl. 
Wcbli. 
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39. Epsiloa Lyrce, — ^The two companions of this double star 

are designated Epsilon 1 and Epsilon 2. 

Each of these again is double. 
Epsilon ], 5 : 6f Yellow and ntddj. Webb. 
During five years tlie 5 was bluish. Struvo, 
Deinbowski, 

40. Gamma Cygni, 4 : 7.— Both wliitc. rierschel, Sr. 

Viridi-cferulea. Ktruve. 

The 7 light emerald. Smytt, 1839. 

Golden yellow and flushed gray. Webb, 1850. 

41. Beta Lyra;.— A quadruple star ; 3 ; 8 : 8^ : 9. 

42. Gamma Lyrw, of thu'd magnitude. — Both these stars, 

Beta Lyrie and Gamma Lyrse, seem to be chang- 
ing their colors. Horsehel, Sr., and South gave 
Beta as white. Next, Sraytb, in 1834, gave the 
general impression as white, the four companiona 
being in the following order : very white and 
splendid, pale gray, faint yellow, light tlue. He 
gave Gamma Lyrte then as being bright yellow. 
Schmidt regarded the colors of both Beta and 
Gamma the same — yellowish white — from 1844 
to 1855. Webb, in 1849-'50, regarded Gamma 
as much less yellow than Beta, if not white. la 
1862, tbe latter observer found Gamma tbe paler 
in tint, though the difference was not considerable. 
According to these statements. Beta changed from 
white to yellow and Gamma from yellow to white. 
Both were of the same color — yellowish wbite — 
according to Schmidt, about 1844. The only dis- 
crepancy is Scbmidt, for the latter portion of this 
time, the former portion being remarkably con- 
firmative. 
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43. Ela Lyric, 5 : 9. — Cierulea. Struve, during five yeera, 

about 1830. 
Sky blue and violet. Webb, 1834. 
The 5, yellow. " 1849-'50. 

" pale yellow. " 1862. 

44. Gamma Aniiroinedffi, 3| : 5J. — Deep yellow and sea- 

green. Webb, 18G2. The 5^- is double, and 
the colors of the two latter Lave been given 
as follows : 

Subviridis et violacea. Secchi, 1856. 

Yelloiv and blue. Sir "W. K. Murray, 1857. 
" " Dawes, Jacob. 

45. Gamma Ai-iotis, 4^; 5. — ^Both " egregie alba;." Struve, 

1830. 
White. Dembowski, 1852, 1854, 1856. 
The same, either white or light yellow. Piazzi 

Smyth, 1856. 
Full white and faint blue. Webb, 18G2. 

46. Iota Trianguli, 5^ : 7.— White or yellow and blue. 

Secchi. 
Topaz yellow and green. Webb, 18G2. 

47. Gamma Ceti, 3 : 7.— The 7 tawny. Webb, 1850. 

Pale yellow and lucid blue. Webb, 1863. 

48. Gamma Leonis, 2 : 4. — White and reddish while. Her- 

scliel, Sr. 
Bright orange and greenish yelloiv. Webb. 

49. 72 r. II. Cassiope^, 4|- ; 7 : 9.— White, blue, ruddy 

violet. Dembowski. 1854-'5G. 
Pale yeUow, lilac, blue. Webb, 1863. 

50. Kappa Ccphci, 4| : 8f — The 4^- greenish. Struve. 

Pale yellow and blue. Webb, 1863. 
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51. Zcta Cephoi, 5 : 7.— Yellowish and Mue. Slmvc, 1831. 
Both bluish. Smyth, 1839. 
White aad taway or ruddy, Webb, 1850. 
Flushed wliite and pale lilac. " 1851. 
62. 40 Draconis, 5;^ : C— Both white. Stvuve, 1S32. 
Both while. "Webb, 1830. 
Both white or yellowish. AVebb, 1850. 
Both yellow, the 5^ deeper. " 1856 qucI 1863. 
53.12 Canum Veaaticorum, 2J : 6j.— White and red. 

Herschcl, Sr. 
" With all attentioa I could perceive no contrast 

of colors ia the two stars." Hei'schel, Jr., 

1830. 
Both white. Struvo, 1830. 
Yellow and blue. Sostini, 1844. 
Full white and very pale white. Smyth, 1850. 
White or a little yellowish, and tawny or lilac. 

Webb, 1850. 
Pale i-cddish white and lilafl. Smyth, 1855, 
Wliite and pale olive blue. Dembowski, 185S. 
Same as ia 1850, but with very little contrast. 

Webb, 1862. 
Flushed white and pale lilac. Webb, 1862. 
54. Sigma Corona;, 6 : 6|. — Creamy white and smalt blue. 

Webb, 1862. 
The 6^- has had many changes as follows : cei'- 

tainly aot blue and differing very little from 

the other. South, 1825. 
White. Struve, 1836. 
A yellow ashy and doubtful blue. Dcmljowslii, 

1854-'57. 
Sometimes blue, sometimes yellow. Secelii, 

1855-'57. 
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" At one time ruddy, at another time bluisli, ap- 

pareatly changing white beinj; looked at; a 

Tersatility of hue which I have remarked in 

other sfara similarly circumstanced." Webb, 

I850-'55. 

55. Mu Cygni, 5 : 6.— White and pale blue. Struvc, 1831. 

Telloiv and more yellow; Sestini, 1844, 

Eeddish yellow and olive. Dembovvsld, 1853—54. 

Clear light yellow and ashy yellow. Dembowski, 

1855. 
" The 5 yellow, while the 6 showed the curious 
effect of an undecided and changeable hue — 
blue and tawny." Webb, 1850-'51. 
The 5 yellow. Webb, 1802. 
" Socchi's colors are here uncertain and variable." 
5G. Alpha Piscium, 5 ; 6. — Greenish and pale blue. "There 
seems to be something peculiai' in the color of the 
smaller star, as to which observers are strongly 
at variance with each other, and even with them- 
selves. Some see no contrast, some agree with 
Smyth, some find it tawny and ruddy. The de- 
tails are curious, but too long for insertion here- 
Other small stars show a similar uncertainty." 
Webb. 
The freqocnt changes in some of tiicse stars — the last 
tlu'ce or four of this Catalogue especially — ai-e rcmaa-kable, 
and seem inexplicable to astronomers. I presume the diffi- 
culty arises, not as is supposed from the atmosphere, or 
from the instruments, or from personal peculiarities, bat 
chiefly from the frequency of the real changes in the stare. 
If, for instance, it be complained that " Sccchi's colors are 
uncertain and variable,", it is because in such instances the 
colors of the stars arc uncertain and variable. 
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A fciv remarks should here ho made to remove Ihc 
objection that possihiy some of the apparent changes 
of color of the stars may lie merely the errors of obscr- 
vafion, or Uic effects of tlie atmosphere, and not real 
changes in the celestial bodies. Nevertheless, an apparent 
cliange is a fact ia the constitntion of the world, and de- 
serves a notice and an explanation. From whatever canscs 
these changes may arise, there is aecded a faithful collec- 
tion of all the facts in this department of astronomy. They 
are scattered about in many volumes and many various 
scientific depositories, and no one, as far as I am aware, 
has bronnht them together or made them a special study. 
Cut in making such a collection, or catalogue, no changes 
should bo omitted, "Whether we regard them as apparent 
or real, whether they be small or great, whether thoy may 
have been slow or sudden, none should be suppressed by 
the compiler in his catalogue. To admit some and reject 
others because in his opinion some are right and others are 
wrong, would ho making his work a confused medley of 
facts and opinions unwoi-thy of reliance. If, as appears 
undeniahle, there be cliangea in the colors of the sta.rs, then, 
from the nature of things, there may be small changes as 
well as groat ones. To reject a recorded change simply 
because it is small, would therefore be a real misrepresenta- 
tion of the case, and a virtual falsification of the records. 
Moreover, the colors as they stand recorded are from ex- 
perienced observers — mou whose lives have been devoted 
to an accurate representation of facts, who do nothing iviLii- 
out cave and deliberation, and whose common aai! avowed 
practice is not to record any color when llie atmosphere is 
not favorable for such observations. 

As already stated, there are difficulties in deciding on 
colors by the naked eye when the star is not large, and 
when the depai'tui'e from white is small. But tliis diffleully 
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is Tiot in the way of largo stars, as Arcturus and Sirius ; 
nor does it apply to the telescope, except in the very small- 
est magaitadcs. To decide between two different colors, 
such as red and blue, is never difficult ; and when two colors 
are tlcaded, it is tlie custom to name thera both, as bluish 
green, reddish yellow, and the like. The disturbing etTccts 
of the atmosphere, or of the instrument, may be detected 
either immediately or after several nights of observation. 
The atmosphere cannot color one star and leave all the other 
stars in tlie same neighborhood uncolored. The telescope 
cannot act peculiarly on any one star ; it mast treat all alike, 
especially of the same magnitude and color. Simple com- 
parison is therefore an admirable test ; and another import- 
aut tost is time — watchfulness every night through different 
changes of weather. If hereafter even this shall not be 
foand satisfactory in any one locality, then simultaneous 
observations at widely distant places will most certainly 
eliminate all suspicion of mistate. For instance, observa- 
tions may be made at Australia, the Cape of Good Hope, 
and Chili in the southern hemisphere ; and in the northern 
liemisphere both on the Pacific and Atlantic coasts of Amer- 
ica, on the Atlantic coast of Europe, in Ruasia, and in 
HindoBtaa. If the star shall prove of the same color at aJI 
these different regions at the same time in favorable weather, 
then tliat color may be regarded as unquestionable. Even by 
using one locality alone absolute certaiaty may be acquired 
— as the rod colors of Aldebaran, Ectclguese, and Antares. 
The same certainty may be looked for in this as in other de- 
partments of astronoBiy, and even greater certainty than in 
many. There is an uncertainty, in the opinions of wise men, 
of tlu-ee minions of miles in the distance of the earth from the 
sun ; and yot this uncertain distance is nscd as a measuring 
line to fathom other and far greater distances. But this un- 
certainty to so large a degree docs not take away from the su- 
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preme value of the determiualions nevertLeleas. These dc- 
Icrramatioris, with all thoir known reservations, are held as 
of the highest importance. So in the colors of the stars ; 
mistakes may lie made, the intermixtures of error may 
certainly exist, thongh we cannot tell exactly where they 
arc, and yet the present recorded ohservations are prccions 
beyond estimation. And a time is coming when aimulta- 
neons observations from various positions in both hemi- 
spheres will render them beyond suspicion. To hasten on 
this time we have only to make good use of the materials 
already on hand. 

Why the ohangos in the colors of the stars are not more 
freqtiently observed, was pointed out in a former commu- 
nication. Why the belief in their real oocurrencc is hard 
to be admitted, and why their observed changes are ascribed 
to suppogabie errors from the instruments, from the atmos- 
phere, and from personal deficiencies, seems to arise from, 
the opinion that such vast bodies cannot possibly undergo 
great changes in a short time. But this opinion rests on 
no known scientilie grounds. When fairly viewed, the fixed- 
ness of the colors of the stars should not seem more likely 
than the fixedness of their positions. Indeed, the two ideas 
arc very much alike. In ancient phrase, the stars were 
said to be " riveted " to the vault of heaven. Now we know 
from observations more refined that many of them move, 
and we have a conviction, from the nature of attraction, 
that they must all move. In like manner, in a universe 
where every known object is subject to change in various 
ways, our first ideas should be that the colors of all the stars 
must change. Hence we shonid approach the recorded 
changes with favorable judgments. If we are to have any 
prepossessions in the case, they should he that the changes 
are real in the stars themselves. And when we reflect on 
the habitual caution of long-experienced observers, men 
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whosQ very existence is devoted to the accurate delineation 
of facts, we should place a high reliance on their recorded 
otser vat ions, and not think that they have lightly allowed 
themselves to be imposed upon by optical illusions. 

I cannot hope to be able to add any thing to the kcowl- 
odge of practised observers respecting the sources of error 
and the mles to be observed in making observations ; but 
as these have never, that I am aware, bcca eiabodied in 
print, I offer tlie following, chiefly for the assistance of the 
many ivho may be disposed to observe the larger stars witli 
the naked eyes. Such stars are indeed very few, but the 
observations may be the more useful irom being made fre- 
quently and by many persons ; 

1. Damp and slightly hazy atmospheres make a grcea 
star appear blue. 

2. Moonlight greatly obscures the colors of the stars, 
giving them a yellowish hue. Twilight has a like effect. 

3. Rising up before daybreak ia the morning, or at any 
time after a couple of hours of sleep, totally disqualifles iny 
eyes for observatioas on the colors of the stars. They thou all 
appear whitish. I do not know whether my own eyes are 
peculiar in this respect, but I think tliey arc not. 

4. Artificial lights reaching the eye obsciire the colors 
of the stars. 

5. On acconnt of the faintncss of the light of the stars, 
the eye often recioiroa to be fixed upon them for a cousidcr- 
able time before then; impressions take full effect. 

6. Comparisons between neighboring stars, and some 
practice in star observations, are often necessary to decide 
oo the real colors of the stars. 

7. The atmosphere must have like effects upon similar 
stars in the same ueighboihood. Hence a pecuharity ob- 
served in any star may be brought to a determinatioii. 

8. Observations on the same star during a toiisidcvablc 
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infcrval of lime and through different changes of weather, 
may aid in giving confidence to a dctermiaation. 

9. Perfect independence and candor ate necessary. Our 
previous judgments are apt to warp these delicate impres- 
sions on the retina, and ^vhcthei- we have derived those 
judgKicnts from oursehes or ofhers, wo must he careful 
to lay them completely aside. For want of doing this we 
may not notice a change of color, although such a change 
may be before our vision. 

10. Personal peculiarities of vision may be ascei'taincd 
by consultation with others. 

11. Discrepancies between the aecoRnts of two observers 
may arise from differences of dates ; hence, in apprehensioQ 
of sudden and frequent changes in the stars, the dates of ob- 
servations should be earefuUy given. 



From the small amount of attenfion paid to the colors 
of (he stars as a distinct branch of physical rcscai-ch, » 
vague and indefinite impression Las been somewhat prev- 
alent that the atmosphere of our eaitli has great power iu 
producing the apparent colors and tho changes of colors of 
the fixed stars. The subject is highly important. During 
the last two or three years it has occupied much of my at- 
tention, and I propose in this paper to present my method 
of investigation and the results to wliich I bave been led. 
To aseertaju what the influence of the atmosphere migl.t Lc, 
I selected for special observation a few of the larger stars, 
taking some of the red, some of the blue, some of the green, 
some of the yellow, and some of the white. So many dif- 
ferent classes of stars watched carefully during the various 
changing conditions of the atmosphere, seemed mo?t likely 
to yield valuable conclusions. 
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1. The red stars were Aldcbaran, Anttircs, and Bultl 
giieac. These are all of dificrent shades and iutensllies of 
red. In proportion as Ihe atmospliere loses its transparency 
by the condensation of moisture, tliese stars lose theii- dis- 
tinctive peculiarities. Their redness gradually becomes 
obscured, and they at last appear of a dull, unsatisfactory 

2. The blue stars were Capclla, Itigel, Bellatris, Pro- 
cyoQ, and Spiea, Some of tliese, as first Proeyoo, and 
then Eigel, are far more intensely blue than the others. 
But as the atmosphere becomes thick and more impervious 
to distinct vision, tlieir different intensities of blue fade 
away, and the observer is at length puzzled to decide of 
what color these stars really are. lie feels safest in an- 
nouncing that they seem white, though not of a clear, de- 
cided ■whiteness. 

3. The green stars were Sirius, Vega, Altair, and 
Deneb or the Uvrgest star in the Swan. These stars were 
observed to bo green by myself, in the following onlor : 
SJrius iu the autumn of 1862, Vega in June, 18G3, and 
Altair and Dcneb in August, 1863. It is remai-kable that 
a vcty slight haziness in the sky completely liidos Ihcir 
green color, and causes them to appear unmistakably blue. 
A still thicker haziness has the same effect on them as it 
has on all the blue stars already described, gradually ob- 
scuring their blue color, and ranking ihem among the 
many hundreds of stars which the naked eye caunot decide 
to be colored. 

4. The yellow star w.is Ai-cturus ; this being the only 
OQC which appears decidedly yellow to my vision, unaided 
by instruments. Several others incline the niikcd eye to 
rcpird Ihem aii yolluw, sueii as Polaris and tliii larger jittirs 
ol' Ursa Major and of Cussiopeia, but not sufficiently so to 
produce a iirm beUcf. Arcturas, in a clear sky, has a fine 
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light orange yellow ; but lis the sky becomes less and Icsa 
eioar, the yellow fades away, and ultimately the color of 
this star turns to a dim white, and becomes ub distinguish- 
able from that of the larger stars of Ursa Major, with which, 
from their position, it may be handily compared. 

5. The white stars were Kegulus, Denebola, Fomalhaut, 
rolaria,the coobtellation of the Waggon, and several others 
of the second and third magnitudes. They may be called 
white stars wilh reference to their appearance lo the naked 
eye, to mine at least, but we are not bound on that account 
to belieTo them to be really white. As they are not first 
magnitude stars, they probably seem white to the unaided 
eye only because their light is not sufficiently great in 
amount, or intense in color, to appear colored. Tiiero may 
be persons with unaided vision acute enough to perceive 
their true colors. But whatever oaay have been the" condi- 
tion'! of the atmosphere, I have never observed them to bo 
other than while. No changes of the air have had the 
power of pieseuting them in any sliade as colored stars. 

Thus the influence of the atmosphere of om" earth upon 
the stars of all the different colors, oceordiag to these ob- 
servations, is the same. Whether the stars be red, blue, 
green, or yellow, the effect of changes in the atmosphere is 
to rob tliem of their peculiar shades and intensities, and to 
reduce them all to a diill, colorless" condition — a dim white- 
ness, in which their indistinctness produces a feeling of un- 
certainty and doubt in the beholder. Nor in any ease have 
1 seen any change in the atiuosphei-c tarn a star from one 
color to another, except from green to blue, and this ia 
simply reducing one shade to another ; for gi'een, like 
purple, is but one of the modificatious of blue. I have 
never been a red star bei-ome blue, nor a blue siar becomn 
yellow, nor any olkoi' similar change by any change in the 
atmosphero. If sv.ch an occurrence were possible, I bolievu 
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I would have observed it during the past two or tliroc years. 
The effect of moonlight in obscuring the colors of the stars, 
and giving them a yellowish shade, can hardly be called an 
atmospheric action. Neither can the effect of the rays of 
the sun in the earliest daybreak of the morning or ia the 
latest twilight of the evening, be called an atmospheric 
operation. Snob an effect tenils to itnpait a gt,neral wlilte- 
ness to the stars, obliterating their colors in part or in 
whole, the same as in the end it obliterates aU their light. 

The question now arises, How is it that the atmo'iphere, 
when hazy and imperfectly transparent, has the power of 
depriving the stars of their colors, whatever their colors 
may be, and reducing them all aliLe to a dull whiteness? 
The reason may be seen in the simple fact of the obstruc- 
tion of their light. Their light becomes diminished in 
amount to such a degree that it no longer has the poiver to 
produce the sensation of color on the retina. Nearly all 
the Blais, when viewed through a telescope, arc colored ; 
they are of some hues other than white. Of this I addaced 
evidences iu my communication for these Proceedings in 
June, 1863. They appear colored through the telescope 
because their light is collected by the instrument in a com- 
paratively large mass ; so largo that it can mate their colors 
readily perceived. Take away the instrument from all ex- 
cept the larger stars, and the pencil of light becomes so 
small as to be without the power of imparting the scnsalion 
of color. Iq the same manner the pencil of light from flic 
larger stai-s may be reduced by haziness in the atmosphere 
to so small an amount as to be incapable of imparting the 
sensation of color, except a dull whiteness, whatever their 
real colors may be. 

But how docs it happen that a green atar is changed by 
haziness to blue? I once thought that possibly this effect 
might be due to the same cause which makes the deep 
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ocean, the distant mountains, and even the atmosphere, ap- 
pear blue. After further obscrvatioa and refleetion I can- 
not adopt that csplanation ; for then all the stars, like the 
distant mountains, would be colored blue. Then there 
Tvould bo no such contrasts of all colors among the stars as 
we now behold. The true explanation seems to be that the 
misfa of the atmosphere, in acting on the light of a green 
star, tirst obstruct the yellow rays, and after these are all 
absorbed then the blue rays alone will be visible, and the 
star must appear blue. Ultimately the mist may become so 
impervious that the attenuated ray of light can no more excite 
the sensation of color, and the star most appear dimly white. 
Before it can be admitted as a scientiflc truth that (he 
atmosphere of oor earth has the power of changing the 
color of a fixed star from one hue of the rainbow to an- 
other totally different, there must be brought i rwai 1 a 
number of well-autheaticatel Jacta ai gr unds for suth i 
belief. We must haie the specificttions of ccrtam ftais 
which have been "een to change, and the dttcs of such 
changes, and the conditmna of the atmospheie by whii,h 
such changes have been produced, and a! o Ibc nnmbLis 
and the names of the persons Ij whom such phenomena 
have been witnessed Such evidences of the changes oi the 
colors of tlie fixed staisbyour atmo'phtre havenuer btLO 
sccu nor heard, and for my part, judging by my own obser- 
valions, I never expect to see them, nor to hear of them. An 
exception to this remark may be the ease of a green star 
turning to blue, as already explained. Perhaps another ex- 
ception may yet be found, as indicated in the following 
passage from Humboldt. Tho italics are not in the orig- 
inal : " We do not here allude to tlie change of color which 
accompanies seintiUatlon, even in the whitest stars, and 
still less to the transient and generally red color exMhited ly 
stellar light near (Tie liorizon, a phenomenon owing to the 
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character of tUe atmosplieric medmm. ihrougli wliicii we soo 
it." The turn of the expression " still less " shows that ho 
regarded the matter as inconspicuous and uuimportaut, and 
the remark is made only in a casual raamier. Neverthe- 
less, incidental as the remark may seem, it is the most pre- 
cise and circnmstantial I have fouud in any author on the 
inflaeuce of the atmosphere on the colors of the stars. But 
is it really trae that the atmosphere can impart a transient 
and generally red color to stellar light when near the ho- 
rizon ? In the absence of all confirmation to the ahovo re- 
mark of the distinguished philosopher, I selected as test 
stars Vega and Capella, both first-magnitude stars, the 
former green and the latter blue, and the one or the other 
is grazing the northern horizon nearly all the year. But I 
have been unable to detect the changes ho mentions. May 
not his remark have arisen from observations on the planet- 
ary bodies, and have been inadvertently extended to the 
fixed stars ? The planets, especially Jupiter and Venus, ac- 
cording to my observation, arc sometimes, though rarely, 
reddened like the sun and moon by the afmosphere. But 
whether Humboldt's assertion be confirmed or not, it can- 
not afiect our decision about the real changes of the colors 
of the stars. No one would pretend to announce a change 
in the color of a star simply because of a " transient" ap- 
pearance of a change while near the horizon. In the same 
manner, probably, the idea has got afloat unguardedly 
that, because the atmosphere of our eartli has tlie capa- 
bility of giving occasionally a red color to the sun, moon, 
and the planets, it must therefore have not only the same 
eSeet on the fixed stars, but even the power to turn them 
to all the hues of the spectrum between red and blue. But 
tiiis rapid generalization is no more iviirranted by sound 
reasoning than by observation. The sun, the moon, and 
the planets, bavo sensible disks, which the fixed stars have 
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Dot. HcTieo file optical phenomena of tliese two classes of 
bodies, differ widely. The fixed stars, under the influence 
of onratmoapliere, are made to scintillate ; they then twiuklo 
with an unsteady light, and to good eyes they Sash ont 
rapidly and fitfully all the varieties of colors. Tiiis shows 
tlie difference, in an optical point of view, between the fixed 
stars and the other celestial bodies, and the impropriety of 
a hasty generalization from one class to the other. Be- 
cause tlie atmosphere can redden one class it by no means 
follows that it can redden the other, much less that it uin 
impart to the other all imaginable hues. 

Another cause for the belief that the atmosphere can 
impart difierent colors to the stars, may be found in the 
noces'^ity for some explanation of their changes of color. 
It is assumed, though without any known reason, that the 
intrinsic colors of the stars cannot change, at least in the 
space of two thousand years, and hence there is a necessity 
for an esplanation of tlieir apparent changes in some otlier 
way ; and as the handiest metliod these changes are attrib- 
uted Kd the atmosphere of our earth. That tlae various 
colors of the stars are not produced by our atmosphere, nor 
by optical instruments, nor by personal peculiarities of 
vision, becomes perfectly evident from the following simple 
consideration : If their colors were produced by any one 
of tliese causes, then there would not be that beautiful con- 
trast of colors which we now behold ; then it could never 
have been said of the cluster Kappa Crueis, that the vari- 
ous bright contrasted colors of its different members give it 
all " the efieet of a superb piece of fancy jeivelry." Instead 
of this tliei'e would be in that cluster, and in every olher 
region, a dull, monotonous color in all the stars alike. It 
has happened that travellers, in coming from Europe to 
America, have expressed their surprise at the beauty of our 
sky, when noticing for the first time in their lives the dif- 
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forcnt colors of the stars. This lias been supposed to be 
the work of our atmosphere, the natural operation of the 
gaseoiis envelope of onr earth. The true explanation is 
this : The stars appear colored to the naked eye in Europe 
as well as in America. Astronomical observers see them 
colored the same in all countries. But in some countries 
their colors are slightly dimmed by the more habitual hazi- 
ness of the atmosphere, so ranch dimmed that tliey are 
not noticed by unprofessional gazers. "When these latter 
persons arrive in a more cloudless region, tlioy notice the 
colors of the stars simply because a slight veil is withdi-aivii 
and not hecauso new colors have been added, 

The evidences of changes of color are now most abun- 
dant among the double and multiple stars. This is because 
the colors of these have been more gcnei-ally recorded. 
Hence the importance of having records made, as frequently 
as possible, of the colors of all the stars, as tlicy appear both 
to the aided and the unaided vision. The elder Stmvo 
compared his own observations ou the colors of the double 
and multiple stars with those of the elder Hersehel on tlie 
same stars. The differences of color in many, after a long 
interval, were wonderful. See particularly Struve, thu'd 
Catalogue, published in 1837, entitled " Stellarum Compo- 
sitarum Mensurai Micrometricas." Here end the extracts 
from my papers on the colors of the stara, in the proceed- 
ings described on page 132. 

TnE CAUSE OF I'HESE CnANOES Of COLOIl. 
The explanation I have already offered for these changes 
of color seems open to no objection that I can perceive. 
The different stars consist of very different mineral elements, 
as the Fraunhoffer lines plainly show. Therefore, they 
should burn with differently colored lights. la the same 
star sometimes one set of elements may have a pi-edomi- 
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nance in burning at the surface, and at other times anoflier 
set, and therefore it should change its color. This altcma- 
tion among different sets of elements in burning at the sur- 
face, results from the fact that some elements are lighter 
and more comhiistiblo than others. The lighter and more 
combustible mnst bm'n first at the surface, and when 
they expire, then the more dense and less combustible may 
take their tuvQ. Our earth may serve as an example. We 
eaanot pnt down our feet on the ground or on the roeks, 
without treadiug on phosphorus, sulphur, and potassium. 
They are in our food, and they form part of our bodies, 
ilence the plants must get them, every where from the grouud, 
even where our analyses canuot detect Ihcm. They must, 
therefore, exist in immense quantities in the crust of our 
earth, and for illustrataou we may suppose them stiU more 
abundant. Being very light and very inflammable, they 
would burn on the surface before otlier heavier and less 
combustible elements. Phosphorus would give a yellow 
light, sulphur blue, and potassium, when burned on water, 
gives a beautiful purple. After they had all combined, then 
other heavy and less combustible elements, as copper, would 
begin to burn, and a very differently colored light might be 
the consequence. Hence our earth as a star would change 
its color, and tiiis might be repeated suddenly and often. 

Besides the lightness and combustibility of an element, 
another important item would determine its priority in tlic 
succession of burning, namely, the period when the element 
was created. We do not know that they were all created 
at the same time. Probably, and we may say ceitainly, 
they were not. The chemical elements are mere modifica- 
tions of matter. They have been moulded hy powerful 
physical forces oat of some previous general form ; and tiic 
date and place of their creation would have much to do with 
the date of their burning. We do not yet know the exact his- 
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tory of those events, so far distant in. tte realms of tiic eter- 
nity that is past ; but there is unmistatable evidence that 
our globe was once wrapped in a great conflagration. 
Nothing can be more combustible than the elements of 
Tcliich it is composed. We see a liielihood that some of 
these elements would bum before others. Hence we may 
use oar plaaet, -which is really a star,- as an illustration of 
the colors and changes of colors among the other stars. In 
this way we see that the chemical theory clears away all 
the darkness which has been hanging over some of the most 
momentous facts in creation ; and as these facts are so 
numerous and so diverse from one another, we must regard 
that theory as true, especially as there can be raised against 
it only one ill-founded objection. That one ill-founded ob- 
jection should not overrule many dozens of facts on the 
opposite side, that are well founded. 



SEOTIOS' IX. 

REVIEW OF EV 

In this siu'vey of the fixed stars we have seen a large 
number of facts which tend to prove that their light and 
heat are caused by chemical action. All the curious changes 
in tJieir colors and in the amounts of their light can be ex- 
plained easily and naturally by this theory. We should 
now make a brief recapitulation of those facts, and this can 
best he done in drawing a comparison between the sua, the 
fixed sfars, the earth, and the moon. 

In the sun wo behold the chemical elements, the best of 
all imaginable fuel. We behold these elements so intensely 
heated, that they float as vapors in the flames more tlian a 
thousand miles high. Then there is the melted body of the 
sun, a vast fiery ocean, with its rapid currents and violent 
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agitations, and similar agitations in the raging flames. The 
clouds rising 80,000 miles above in the immense atnaosphere, 
and the indescribable flood of light aad heat radiating away, 
constitute the most TPonderful and the most truthful of ail 
pictures of chemical action in the form of combustioa. The 
pores and the larger spots give the only evidences of a cool- 
ing and solidifying tendency ; and the deficiency of heat in 
the spots, their ci'acking, their breaking into fragments, 
and their ultimate melting, are important features, as con- 
necting the sun with our earth and the variable stars. The 
very great sizes of the spots, some as much as 45,000 miles 
broad, and close groups of spots more than 100,000 wide, 
add still fiirthep to the relationship between the sun, the 
stars, and the earth. 

In the fixed stars wo behold the chemical elements again 
as the fuel for their tires. The dark Hues in their spectra 
bear the same evidence as in the sun, that these elements 
are lu a state of vapor floating in the flames, and that be- 
neath these flames there is a still more intensely heated body 
which must be above the point of fusion, and, therefore, a 
vast ocean of Are constituting the mass of each star. The 
variability of their light, and the perfect periodicity, even 
to a second in that variation, assure us of their rotations 
on their axes, and of their spots grown so large as at 
each rotation to hide a considerable portion of their Jight. 
This immobility of the spots assures us that they are con- 
tinental in their characters, reaching quite around the stars, 
though still leaving much of each star uncovered. The 
irregularity of other periodic stars assares us of the changes 
of the spots, both in their sizes and in their positions ; they 
can float about like floating islands, the same as the spots 
in the sun. And as our sun is often free from spots, so 
some variable stars are for a long time perfectly iuvariaMe, 
until, by irregularities in chemical action, a cooling tcn- 
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dency again allows the formation of spots. The irregular 
routines in the increase and decrease of liglit show that 
tlio spots arc irregular in their contours ; and the changes 
of these routines indicate that in the stars, aa in the sun, 
the spots change their forms. As the maxima and the 
minima in the light of the periodic stars, are sometimes 
greater and sometimes less, we have reasoa to believe that 
in the stars, as in the sun, the sizes of the spots greatly 
vary. "When the routines of in-egularities do not change, the 
periods do not change ; aud when the routines change, the 
periods change. These are two remarkable facts, and they 
clearly indicate that the changes in the spots cause the changes 
at the same time both in the routines and in the periods ; 
and that to the absence of changes in the spots are due tho 
absence of changes at the same time both in the i-outines 
and in the periods. The increase of light in a periodic star 
is more rapid than its decrease, aud this indicates that, fi-om 
causes before explained, the smaller end of the spot pre- 
cedes the larger. Stars with two maxima aud two minima 
in the same period, indicate that they have two dark spots 
on different sides ; and as one maximum or minimum is 
often larger than the other, this merely shows that one of 
the two spots is larger than the other. Some stars sliow 
an extreme variation in amount of light without any signs 
of periodicity, as for instance Eta Argus, and this is easily 
explained by irregular energy in chemical nclion. But by 
the immutable lawa of chemical action all flres mast ulti- 
mately expire for want of fuel. The greatest conflagrations 
must come to an end. The spots on some stars are larger 
than on others. Between the maxima and the minima 
of some stars, the difference is almost imperceptibly small ; 
in others it is so large that at each rotation the stars at their 
minima are invisible. In Mira Ceti this invisibility con- 
tinues more than two hundred days, which is two-thirds of 
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its entire peiiod of rotation. The next great eonscquonce 
of expiring chemical action, is a complete growth of llie 
spot aronncl the star, and the eniire covering up of the light 
and heat in the interior of the star, where they can make 
themselves known only by volcanic action, earthquiikes, 
and thermal springs. It is a lost star. As in the irregu- 
larities of chemical action, ovcti phosphorus, after burning 
out, may rekindle again; and as spontaneous combustion 
sometimes surprises the most careful chemist, so a lost stai" 
may break forth agaia into a temporary glare after its fires 
have been so nearly extinct as to be invisible at our dis- 
tance. These are called temporary stars. The very differ- 
ent bright colors displayed by different slars, show that the 
chemical elements there, true to their natures, burn some 
with one color, and some with another ; and tlie changes in 
the colors of the stars indicate that when one set of elements 
is consumed, other sots of elements, with lights of other 
colors, take their turns. 

In our earth we see again the chemical elements. Tiie 
way they are combined proves, beyond all doubt, that chem- 
ical action once made our planet as brilliant as any star in 
the heavens. If chemical action lighted up one star, we may 
be sure that it lights up all other stars ; especially when we 
behold such strong resemblances in light and heat between 
the Sim, the fixed stars, the earth, and the moon. Tlic 
present crust of om" globe, resting on a fiery ocean beneath, 
is but the spots grown large, completely investing tlio star, 
shutting out its liglit except in volcanic eruptions, and add- 
ing one more to the catalogue of lost stars. Eufore its 
crust had grown so large as fo envelop the entire globe, 
we can easily understand how our earth mnst have been a 
periodic star. And remembering the different elements 
of which it is composed, we can plainly see liow it 
might have changed its colors wliilo thi:?;.' clcmciils, out 
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after another, had the predominauce of burning on its 
surface. 

The moon exhibits in high relief an advanced stage of 
the fiery history of our earth. There the process of cooling 
has gone so far that even volcanic action has ceased. But 
tJiere stand the volcanic craters, there lie the cold hard lava 
streams ; and their sharp ontlines, their gigantic proportions, 
and their surprising numbers, leave not a doubt of the most 
intense igneous action. Even the once unacuonntable fact 
that the moon's rotation on her axis, aud her revolution round 
the earth, are performed in precisely the same time, now 
tells the eloquent story of her former igneous fluidity, her 
gradual cooling, aud the slow formation of a rigid crust. 
That rigidity opposed tlie tide wave in the fieiy ocean, until 
that opposition delayed more and more her rotation on her 
axis, and at length that rotation came to coincide with her 
revolutions round the earth. 

The general history of the great glohcs of space, whether 
we call them fixed stars, suns, planets, or moons, has the fol- 
lowing features : their changing fl^im one bright color to 
another, their gradual progression from light to darkness, 
their slow advancement from heat to cold, and from a liquid 
to a solid condition. This course of changes in them all 
must have the same cause. It is identical with the course 
of changes in that form of chemical action called combus- 
tion, or burning, which, when several elements are con- 
cerned, proceeds in like manner from one color to another, 
from light to darkness, from beat to cold, aud from a liquid 
to a solid condition. 

Thus the parallelism between the sua, the fixed stars, 
the earth, and the moon, is complete when compai-cd in the 
light of the chemical theory. It is equally as complete as 
when they are compared in the light of ordinary astronomi- 
cal data, which was done in tlic very hcginniug of ihi:; vol' 
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ume BotJi tJie mttiiol-i of compan-oQ dcmonatiUt, llij,t 
oil these grt,at bolic^ have egscatmlly the same nnfure and 
the some general histoiy, and that thuir diffLienccs ate 
mere matters of de^ret, in size, densitj, motion, heit, nnd 
luminosity — lome ot tht'e diiferLULLS dtpcnilmg on their 
diffeient stages in the sami, piogress A third motlicd of 
compin-on 1^ ty the Qcbulai thee ry, whi:'h al-o ,nt.s the 
same ori^n, the fims history, and the «ame gmcial natuie 
to tJI the ^tirs, whether thi-y be called sons, planets, or 
satellites Ihvlact that all these three methods of com- 
parison bring us to the sime result, confirms our confi- 
dence m that result, and m the methods of ctmparison 
It 13 a n w and an additional argument m favor of the 
th^'oiy of chcmiL il action t" the (anse ot the li^ht andhcit 
of iLe stars. 
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We liave now reviewed the chief eviilenccs to pro^c that 
the present interior heat of the eirth ita formei entire fusion, 
and the 1 ght ind heat of the sun and ot the fixed stars, 
have heen caused by chemical a tion Tbc^e evidences are 
=(rins Bamerous dHer«e in their natuie and they come 
from different and mdependciit source' Vi hat, for in- 
stance, cin ho more di&erent and iiid pendent tlian the 
composition ot thu witcr in fht, oc an the c dors of the 
fixed stirs thi, spots m the =uq the fix 1 hnc^ in the sohir 
and stellar spectra, and a, temporary star? "iet all these, 
and nearly a Imudred other great phenomena, receive their 
explanation by this theory. When a key fits a lock with a 
hundred guards, it must be the true key ; and when a the- 
ory explains completely such great, such diverse, and such 
a vast number of phenomena, that must be the true theory, 
especially when they can be explained by no other theory. 
This chemical theory would be universally believed wore it 
not for a single objection, and this objection we will now 
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endeavor to remove. The objection is drawn entirely from 
the heat of the sun. It says that, lo proJace all this heat, 
the sua lias not a SYifficient amount of fuel. This I shall 
mainfaia is an unfounded assumption. It assumes, first, 
that the materials of the suu, pound for pound, ean pive out 
no more heat than the materials of our earth. It assumes, 
secondly, that, even though the materials he the same, the 
coad'dions for producing heat ia tlie vast laboratory of the 
sun, 880,000 miles in diameter, are no better, no more pro- 
ductive, than in our small furnaces. It assumes, thirdly, 
that no new chemical elemenla can be formed in the sun, 
that the materials of the sun cannot i* decomposed, or 
metamorphosed, "o as to'bc burned over again. Here we 
can decompose water, and bum the oxygen and hydro.i;eii a 
hundred times ; but we lose as much force or heat in the 
decomposing as ire gain in the burning. But in the sun 
the case may be vei^- different. There may be an almo-t 
infinite amount of physical force in the sun by which chem- 
ical compounds may be decomposed, and chemical com- 
bination again be resumed. It Ls not the force which we 
are to account for ; that we know exists, and has existed 
millions of years, sending out light and heat all the time. 
Our object is to show that this force may ultimately reach 
us by means of heat from chemical aetion. The nebular 
theory, proven to be true in this volume, sheds light on 
tills point. It proves that those modifications of matter, 
which we call simple chemical elements, have been pi-o- 
dnced during the nebular condensations, and therefore tli.it 
tlioy may now be produced yearly, in the sun, uliich has 
not yet reached the point of condensation required by tlm 
law of density in the solar system. 

All these assumption? I shall show to be unfounded. 
And if an objection to a theory rests only on unfounded ai- 
Humptions, lht>t obieciion ia worthless, e^poci dly wli^n tho 
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tliooiy is supported by nearly a liunilrcd positive argumcii(9 
in its favor. Wc will now attend to these three asswmp- 
tions in tlic above order. 



■rnEyiKSTASSUiiPTios: THAT the wateeuls of tiii: ausGiVB 

our NO MOKE HEAT, POUND FOE POU.ND, Tll.iN THE MATE- 
EIALS OF THE EAUTH. 

We Lave the best reasons to beb'eve, from the natnre of 
matter, that the materials in the sun may possibly give out 
more heat than those in our earth. Here in our earth 
one snbstance gives out more lieat (ban anoibcr of equal 
ivoiglit. A pound of hydrogen produces more tliao four 
times more heat tliaa a pormd of carbon. Between other 
elements there are similar differences. It is impossible to 
guess how much heat may be produced by the peculiar de- 
ments of the sun ; they may possibly differ from ours in 
heat-prodncing power as .much as ours differ among one 
anoibcr in density, and this is as 25G,700 to 1. The ter- 
restrial elements differ widely among themselves on other 
points respecting heat, besides heat-producing power. A 
pound of water, to increase its tempei-ature one degree, re- 
quires thirty times more heat than a poimd of mercury. 
Silver conduels heat fifty times faster than bismuth. Mer- 
cury mclfs at forty dcttrces below zero, and plalina at more 
thau 30,000 d<,groi.a \bo\e 0\\gi,u, bydiosren, and mtio- 
gen, are about tlurlj nmi, times moio diathcmious thin 
chloimL, nnd l,10o tunes more tlnn the "is ammomi 
Whtn exposed to i suifacc hcited to two hundred and 
twelve degrees rotk silt is nmcty-tno times more diatliLi- 
mons than leelind spai and some other crystals '^ucb 
differences hctwoLD substances m relation to he it m lvci> 
po'=ib'e ^^1y Inu on our carib Mioh J o« nil il ii 
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founded are all assumptions about tbo beat-giving prop- 
erties of the peculiar and unknown elements io tlie sun. 
And yet on sucli assumptions rests the objection against 
chemical action in the form of combustion iu the snn, 

Tbe boundless differences in matter, the almost infinite 
diversities in every property between ibe so called simple 
elements, sbould dispose us to anticipate almost infinite di- 
versities in their beat-giving powers lu very diff'erent and 
distant globes. Nothing can be more wonderful than tbe 
difference between the ductility of iron and the weakness of 
zinc, the malleability of gold and tbe brittleness of bismufh, 
tbe elasticity of steel and the plasticity of potassium, the 
density of platina and tbe lightness of sodium, and still 
more the lightness of hydrogon. Our lives are supported 
in oxygen, but we die in nitrogen. Chemical diversities 
seem endless in number and immeasurable in exlent. 
When from our earth we tin'n to the heavenly bodies, we 
are still further impressed with tbo infinite diversities of 
matter. Every star, as far as yet known, has a different 
set of fixed lines, although there are certain resemblances 
between them. They lead to the conclusion that each star 
has, in part at least, its peculiar modifications of matter, 
called simple elements ; but the number of stars is infinite, 
and therefore tbe number of elements must be infinite. 
The densilies of the stars lead to tbe same conclusion as 
their fixed lines. In our soJar system Mirciiry is sixty or 
eighty times more dense than one of tbe satellites of Jupiter, 
and probably in a much greater proporlion denser than tlio 
satellites of Saturn. This indicates a wide difference be- 
tween the nature of their elements. Among tlie fixed stars 
tbe differences appear far wider. When two heavenly 
bodies revolve around their common centre of gravity, their 
velocities depend on their mutual gravitation. Among the 
double and multiple stars some move rapidly, and others 



Hcssdb, Google 



17'4 THE DnrFEiiENCEa Oi^ MATTEK. 

slowly, and still others so slowly that thcii- moi uniL^iils aco 
us ytit imperceptible. A remartalile one of the hittcv clsiss 
is tlie star called Theta Orionis, It consists of four larger 
stars and two others eslremcly small, ai'.d the four hirguT 
are so situated as to bo called the Trapczirim, They have 
long beea regarded as a striking ohjcct, and there they seem 
to stand immoTable. Doabfless they move — this is rendered 
necessary hy the universal prcvaleuco of gravitation — but 
they are so excessively rare that their gravitatiou amounts 
to almost nothiog, and hence tbcir motions are impercepti- 
bly slow. This is (he case, indeed, with nine-tenths of the 
double and midtiplo stars ; out of nearly seven thousand al- 
ready tuown, the motions of less than seven hundred have 
been hitherto detected. In our solar system ivc would not 
natiiriilSy look for ivido differences between the several 
memhers, because they are so nearly related to each other 
as a dislinet family ; and yet some are probably one liuii- 
dred times more dense than others. Eat among the fixed 
sf.irs, so distant from one another, and so slightly related, 
(he differences in density, judging from (heir movements 
and their want of perceptible movements, must be some- 
what like the difference in density be'(woon the extremes of 
our element'* here, as 256,700 to 1. 

Thus ivhen we regard the elements of our earth, one of 
their striliing features is their great diversities in all their 
properties. Among the members of the solar system these 
diversities are equally sti-iking, judging from their densi- 
ties. Among the fixed stars scattered liir away in every 
direction, the diversities in their elements, judging from 
their densities and from their fixed line^, must he incon- 
cei\«bly givjater. In our eailh the diversities among the 
elements appear in their relations tc heat in every imapu 
able respect, and among others in Iheir heat-giving powers. 
And all this being the case, how unphilosophical is it in us 
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to pretend io tel! what arc tLe heat-giving powers of the 
unknown elements in the sun, a body so distant and so 
diiTercnt from our earth ! The very fii-st tliought should 
suggest wide diffei-eaces, and ilicn the solid evidences of 
long-con liiHicd combustion in the sun, ivilJi sHch great 
evolutions of heat, should tell us that those difl'ercnces are 
almost infinite. 

"When the Fraanhoffer lines were first interpreted by 
Kirchoff, there was a general acquiescence in his aunounec- 
meut that a few of the elements of the sun and of the eartli 
were identical. But later discoveries have taken away tjie 
foundations of this opinion, (a) There are sevei'al thou- 
sands of fixed lines in the sun, and more are being dis- 
c-o\'ered by improved apparatus, and they are so closely 
crowded together that it seems impossible to identify those 
of our earth. (6) By experiments with our elements it is 
found that there are perfect coincidences in the lines of 
several different elements, and when the coincidences are 
EOt perfect their positions are so very near as to he scarcely 
distinguishable, (c) In the same flame one element may 
cause the lines of another element to vanish ; thus the blue 
line of strontium vanishes when the chloride of copper, sal 
ammoniac, or chloride of strontium are introduced in the 
flame, (d) A metal and its compounds give different lines, 
and of the same metal one compound giiea different lines 
from another ; thus the spectra of protochloridc and suh- 
cLloride of copper difler from each other, {e) Even wilh 
(lie same element in the flame a change of tempcratuA'e 
causes a change iti the fixed lines. For these reasons tlie 
attempt to identify any of our elements in the sun seems 
hopeless. In several stars tlie sodium line D has been con- 
fidently recognized, but this is annidled by a recent an- 
nouncement of Secchi from Rome. " Having examined 
the spo(!tra of diffcvcat metals in Kumkoffs apparatus, lie 
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noticeii tliat in tlie neighborhood of the soiliam liae, anil iit 
such small distances as could not be mcasurciJ, a liue wus 
also given by many other metals, as iron, platinum, copper, 
zinc," &c. An American observer, Kiitherfurd, afler a 
careful study of this subject, announces that " these inves- 
tigations are yet io the cradle ; " and he further says, " it is not 
my intention to hazard any conjectures based on the fore- 
going observation 1 ; a great accniDuIatJoa of accurate data 
should be obtained before middng the daring attempt to 
proclaim any of the constituent tlemenls of the stars."* 
Tiius there are no facts wliich bear against our conclusion, 
that the elements of the sun are profoundly different from 
those of our earth. Even if a few were the same, hun- 
dreds and perhaps thousands are still different ; and being 
different, perhaps ei.tre[aely differeut beyond .my apprehen- 
sions we now have, they may give out almost an infinitely 
gi'eatcr amount of heat. Therefore, the first assumption is 
unwarrantable. 



SECTION' XII. 

TKE SECONTl AaStJMPTION: THAT IS THE VAST LAB0E4T0ET OP 
THE SUN, eSO,000 MILES IK DIAMETER, TIIE COSDITIOSS FOR 
PKODUCING HEAT AKE NOT DIFfEKEST ITiOM TUOSE IS OUE 
SMAEL FUENACES. 

Tina assumption is unwarrantable, for the following 
reasons: Heat is a mode of motion. In the combination 
of even the same olomects more violent motions, and con- 
ser[uontIy more intense beat, may possibly bo produced by 
different conditions. Some of these different conditions iu 
the sun will here be named : 

(a) Combustion with us is always between a gaseous 
body and another which may be either gaseous, liquid, or 

* " American Joutoal of Sciences " for January and July, isos. 
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solid. In the sun tlio chief comhustion takes i)]acG between 
liquid materials, for tlio liquid body of the sun is the hottest. 
(6) Pressure exercises an important influcQce on combus- 
tion. A candle flame, burning on a mountain top and down 
at its foot, exhibits very different phenomena. A mLsturo 
of oxygen and hydrogcu when cool, docs not wnite, but if a 
smooth platina plate be introduced, the pressure of adhesiou 
unites the gases. The science of chemistry affords many in- 
stances of the connection between pressure and chemical ac- 
tion. The pi-cssurc exercised by the atmosphere of the sun 
mast bo inconceivably great, considering the height of that 
atmosphere, and the powerful attraction of (he sun ; but 
ovea this is as nothing compared with the pressure in the 
liquid body of the sun many thousand miles down, Tkiuk 
of the vertical currents in the sun, and the change in pres- 
sure from the surface to the regions near the centre ! Our 
most powerful presses and frip-hammerB bear no comparison. 

(c) Heat exercises a wonderful influence on chemical 
affinity, and to promote rapid combustion and a more in- 
tense heat in an iron furnace, the hot blast is applied. In 
the sun all is hot bkst. 

(d) From the most recent researches heat is believed 
to arise from the rushing together of the atoms of two 
bodies in the process of combination. The collision of (hose 
atoms proilucos the vibrations which wo call heat. What- 
ever ailds force to those atoms in that collision, must add (o 
the heat. The high temperature and the pressure iu the suu 
must have an important influence on chemical combination 
there, and hence perhaps in-adding force to the collision of 
the combining atoms. 

(c) The force of chemical atiraction, the medium, what- 
ever it be, which impels the atoms to unite iu a collision, may 
be more dense, or in some way more powerful, in the sun 
than here on our earth. This idea may be illustrated Tiy 
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tlic analogy of our atmospliere. Around tUc moon there is 
apparently no atmospliere ; arountl the earth there is one 
of moderate height ; around the sun there is one of enor- 
nioi]3 proportions. It may possibly be that the medium in 
the sun, causing ehemical union, is more abundantly and 
more intensely aggregated like the gaaeoua atmosphere, or 
like the force of grnritation. Hence there may be a more 
powerful collision of tlie atoms, and more vibration, or licat. 

(/) Chemical action and the production of heat, ore 
connected more or less witli electricity and magnetism. 
Oiir earth experiences magnetic infiuences from the sun ; 
and the tails of comets, always pointing awayfi-om the sun, 
whether in coming or going, indicate an electric influence 
of great power at work in the sun. This may possiWy add 
to its heat-producing power, 

{3) Tliere is an ether, perhaps many ethers, filling all 
space. By these a comet may be delayed in its orbit, atid 
by these light, heat, magnetism, gravitation, and chcmlciil 
influences, are constantly travelling to and fro, from star to 
star, in all directions. Tlie precise connection of these with 
chemical action and the production of heat, is not yet 
known ; but it is wonderful in how many ivays they are 
associated with suchaetion,andwith the production of heat. 
The following is a most surprising instance; If between 
the poles of a very powerful magnet, a nautallic cylinder be 
rapidly rotated, then lliat simple rotation produces an in- 
tense heat, sufficient to melt some metals. Tlic heat secnis 
to aa-isc fi-om the friction of the cylinder agsiiust an invisible 
ether collected there. Tlie collection of such ethers around 
the sun is probable, at least possible ; and tliese, along with 
the i-olation of tlie sun, and the violent agitations on its 
sui'fui'c and iliroiigh its interior, may ho connected with (he 
production of heat. 

(h) ^yhcn a piece of liuie ji held in tJie flame of oxygou 
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and liyilrogcu, au ftsfouishing flood of light is fliroivn off. 
A far greater amount of heat is alao at the same time radi- 
afcJ. Oilier solids ulso, as platinum, wonderfully increase 
the light and heat. The sua is a solid, fused and incau- 
dcseeut in a flame ; hence its vast amount of llglit and heat. 
Tlic light we know comes chiefly from the hody below the 
flame, and doubtless the heat has the same origin, ^Ve 
cannot account for all the light of a solid in the hydrogen 
flamo on the theory of tho conservation of force ; neither 
can wo, I think, account for all the radiant heat. It may 
be said that tho heat gained by radiation is lost hy convec- 
tion, but this we do not know ; to me it seems iraprohablo, 
although tho old theory points that way. But the sun can 
lose no licat by eonveetioa. And if a solid in a flame, 
whether fused or unfused, i-eally increases the heat as it 
does the light, without dolraeting from tJie force in other 
ways, then wo behold a condition in the sun favorable to 
the chemical theory. The theory of the conservation of 
force is yet in its infancy. It cannot embrace the force of 
gravity, cot with standing the noble attempts of Faraday and 
others. Hence Mayer regards gravity as a property of 
matter, and not as one of tho forces capable of conversion 
and reconversion. Newton, however, witli great clearness 
maintained that it could not be regarded as a property of 
matter, but as a force acting mechanically on matter fivto 
without. But all the force of gravity constantly expended 
in tho direction of the centre of our earth, is loat, as far as 
we can perceive or think. Force, therefore, may be anni- 
hilated, as far as we can learn or imagine ; a proposition 
directly opposed to the tlieory of conservation of force. I 
I mention this, not to disparage tlio great acquisition to 
science of that theory, but to show how it is still in its 
crude beginoinga, and not to be abused by undue applica- 
tions as in the case of the sun, wblch is a solid fused withiu 
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a flame. It ia like the licoe or platinum in tlie oxy-liyJvo- 
gcQ flame, and how mueli light and heat it can send forllj 
we do not know. 

The force of gravity expended od the sun may he sup- 
posed to he converted into heat and light ; hut this is untrue, 
because no such heat and light come from the planets. All 
this discrepancy between gravity and the theory of conver- 
sion of force, shows what unexpected difficulties we may 
meet in the application of a new and valuable theory, and 
how such applications may lead us into error. The case 
is the same in applying the chemical theory to the snn. 
Scientific men could not account for the heat of the sun by 
chemical action, according to their favorite idea of a precise 
amount of fuel for a precise amount of heat, and tboreforo 
they give ap chemical action altogether, not remenabcring 
that there are other ideas in the case as important as their 
favorite one — other ideas fotmded on possibilities, probabili- 
ties, and certainties which should have the controlling influ- 
ence. It is not uncommon in morals, in religion, and in 
politics, as well as in science, for men to fasten their minds 
on a single idea, and to cany that idea out to the most mis- 
chicvons consequences, until at length they, or the nest 
generation, are awakened to find that there are other ideas 
to be taken into account far grander, more general, and more 
influential. The idea that by ebentical action a pound of 
matter of any kind all over the universe, and under all pos- 
sible physical conditions, must give only the same amount 
of heat as a pound of our charcoal burned in the open air, 
has been a very pleasing idea ; but it is rashly theoretical, 
and especially mischievous when applied to distant parts 
of the universe millions of miles away, and to conditions so 
different and unknown as those in the sun. There are 
plenty of evidences of chcTiiical action in the sun, but no 
evidences that we must carry our charcoal idea Ihero. 
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Thus wo perceive, from the eight foregoing ilcms, thai 
the conditions of cliemical action in tlie sun ai'c in soma 
points certainly, and in others probably, very difiercnt fi-oni 
those in one of our little furnaces. These conditions all 
relate to the licat-giving power ; al! tend to add force to 
chemical action and to the augmentation of lieat. There- 
fore, the extraordinary beat-giving power of the sun sliould 
not lead ns to deny chemical action in the aim, but to in- 
quire in what ways and by what means chemical action in 
the sun produces so much more lieat than on the earth. 
The true scicnfilic course is cot to deny chemical action in 
the Bun, in the face of so many evidences in its favor, bat 
(o ascertain how chemical action is so greatly modiflcd tjicre, 
ivliat extraordinary agencies are at work there, and how tho 
sun, the great central bodyof our system, still alive with the 
play of all imaginable physical forces, differs from this small, 
cold, and dead globe, derinag every breafli of air, all its 
movements, and all its appearance of vitality, from the sun. 
We must remember that we know very little of what chem- 
ical action ideally is. What makes two substances combine 
chemically, is still wholly unknown. How many different 
physical forces ai-e at work in the act we cannot tell. 
Neither can wo tell what is the combined action, what the 
grand and glorious play, of all tho physical forces in all 
their might and majesty on the vast central and only active 
globe in our system. It would he most unscientific to sup- 
pose that chemical action there is in all respects the same 
as chemical action here. What are our small laboratories 
compared with the laboratory in the sun, nearly 3,000,000 
miles in circumference? Most certainly chemical action 
there must be greatly modified, and in what those modifi- 
cations consist, is mar proper inquiry. In the uext sex;tiou 
I will endeavor to show that those modifications are so great 
as to produce those peculiarities in the condition of mafler 
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whiili wc call simple chemical clemeuta. These clcmcnO 
are all fQudamontally the same, and we can groally ehango 
them, put them into allotropic states, even by our iuefRcient 
means. In the sun, there are reasons for helieving that the 
production of new elements Las always been going on. 
Just as new species of plants and animals have from time 
io time been created on our earth, one assemblage succeed- 
ing another ; so in the sun, and also in the earth during its 
former fiery condition, new species of elements have suc- 
ceeded one another, and all created through the agency of 
physical forces from the same fnndamenlal and essential 
matter. As all organized beings, plants, and animals, con- 
tain in their composition the same mother earth, using the 
same atoms over and over again, so the same essential mat- 
ter has probably been moulded through many forms, many 
so-called simple elements ; and the process i'? ended, wo 
know not how, only wben the activity of the piiysical forces 
ends in what we call a lost star. 



SECTION xiir. 



In showing that this assumption is unwniTantahle, I 
propose to give several facts in favor of the contrary idea, 
that new combustibles may now be prcpai-cd in tlie sun 
from materials which have ah-eady been burned. Tliese 
facts I will draw pai-ily from the nature of matter as re- 
vealed by Natm'al Philosophy and Chemistry, and partly 
from tlie history of mutter as revealed by the Nebular The- 
ory. The nebular theory I will assume to be perfectly true, 
such as I think I ha^-e proven in the remaining portion of 
this work. It regards all matter as having been nearly 
equally diffused through all known spuce, and nearly homo- 
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gcncous or of tJie same nature everj^vhero. By a special 
process it lias coutraetoU ontl condensed into globes, and 
now I shall show that those globes have very ditfercnt sim- 
ple chemical elements ; that these simple elements are mere 
modifications of one general fundamental matter ; and that 
these modifications have been formed in the process of con- 
traction and condensation, and therefore that they are sliil 
forming in the sun. The sun is eight times less dense than 
is required by tlie law of density in the solar system. There- 
fore, in its present active state of physical forces, it is still 
in the process of contraction, and will be so until its fires 
are hunted out, and its due density shall be reached. We 
will now attend to these facts, or classes of facts, which I 
have proposed to give. They are eight in number ; 

FiKST Fact. — The condensed globes of space, the fixed 
stars, tlie sua, the planets, the satellites, and the meteorites, 
from having formerly been all of nearly the same kind of 
material, are now composed of very diflerent simple ele- 
ments. 

The Fixed Stars. The dark fixed Hues in the stellar 
spectra have led to the following conclusions : 

The fixed stars differ In their siraple elements more or 
less from the sun ; 

They all differ more or less from one another ; 

Some of them have a general resemblance to the sun ; 

Some of Ihcm have resemblances among one another ; 

Resemblances of fixed lines arc accomjianied, occasiou- 
itUy at least, with resemblances of color ; 

Changes of color seem to bo attended by changes of 
fixed lines. 

These observations, howe('or, abont the resemblances 
in the simple elements among the stars, acd the connection 
between their colors and their fixed lines, must be regarded 
as oaly provisional, and in wailing for more thorough in- 
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vGstigations. The great and uctlouMecl result is thjit llio 
spectra of no two stars are identical ; and liencc the infinite 
diversification of matter among the infinite number of stars. 
From being the same or nearly the same, it has received an 
inconceivahle ntimber of modifications. 

The densities of the stars, as already mentioned, are of 
the same purport tis their fised lines. Tlie very slow mo- 
tions, and the want of sensible motion, in the companions 
of some double and multiple stars, indicate a lightness simi- 
laa- to our rarest gases ; still they are not gases, for those 
stars have liquid bodies and envelopes of fiame. Their 
clemeats are anulogons to ours, but they are extremely rare, 
and hence extremely different from ours. 

The Sun. Every successive improvement in the appa- 
ratus for observing the solar spectrum brings into view 
new dark Hues. A recent observer says, it is as impossible 
to count the dark lines in the solar spectrum as to count 
the number of the stars. This strongly proves the gi'oat 
number of simple chemical elements in the sun, and leaves 
on the mind the impression of several thousands. 

The Planets and Satellites. The densities of the plan- 
els and their satellites prove that they are couiposcd of 
very different elements. Mercury is more than sixty 
times, and our earth about fifty times, more dense than IIjc 
inner moon of Jupiter, Saturn is only about one-ninth as 
dense as the earth ; it would float buoyantly on water. 
There is a high probability that the satellites of Saturn and 
Uranus are fiir lighter than those of Jupiter. Detweea the 
two extremes of the attendants of the sun, there is prob- 
ably a greater difference in density than one liundred to 
one ; and from one ostveme to the other there ai-e regular 
gradations of small amount. 

The Moon. The difference in constitution between the 
earth and the moon is seen in their {'cnsitics : (hat of the 
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moon being about half fliat of the earth. Tlie nitrogen of 
our globe is found only in the atmosphere, and such substan- 
ces as derive It from the atmoapbcre. The moon has no 
appreciable atmosphere, and therefore, in a liigli probability, 
no niti'ogen. 

Tiie Earth. Aitiiougb there are about sixty-three 
chemical elements in the earth, yet one of these, oxygen, 
forms nearly or quite one-half of the globe ; three of the 
elements, oxygen, silicon, and aluminum, form more than 
three-fourths of the globe ; and if to these be added calcium 
and iron, they would form about sevea-eighths of the globe. 
The other more abundant elements are earbon, hydrogen, 
nitrogen, chlorine, sodium, potassium, magnesium, sulphur, 
and phosphorus. While the metallic elements are far more 
numerous, being as fifty U> thirteen, the non-metallic elements 
are far more abundant in qaantity. Among the metallic 
elements there is greater sameness ; among the non-metallic 
there is greater variety and a wider difference in qualities. 
The non-metallic form by weight more than Ihree-fourlhs of 
the globe. This, of course, is an estimation of the entire 
globe by its solid crust. The idea that our globe was once 
in a gaseous condition, is confirmed by the fact that about 
half the globe, estimating by weight, is still gaseous at ordi- 
nary temperatures ; that is, the elements to this amount 
are gaseous when not chemically combined. 

AVhilo the difference in density between the extreme 
elements of our globe is as 25G,700 to 1, there is sliil 
an easy gi'adation among them ; and this cosy gradation 
extends also to their other principal properties. We may 
BO arrange them that in their review we shall find the dif- 
ferences very small. All the fifty metals, for instance, have 
many important properties in common. Some have very 
near resemblances, as potassium and sodium, calcium and 
magnesium, iron and mangecese. The practical chemist 
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■will readily think of many others. The transition between 
the metallic and the non-mytallie elements is also very slight ; 
indeed, it has hecn a matter of uncertainty to which of 
these divisions some few elements belong. Sileuium and 
silicon have been classed among the metals, and caibon has 
some of the properties of metals. At least one of the 
metals, gold, has the property, when in thin leaves, of being 
translucenl. Among the thirteen non-metallic elements 
there arc also remarkable resemblances ; as between sul- 
phur and phosphorus, and between the family of the haloid 
elements, fluorine, chlorine, bromine, and iodine. In fact, 
the simple elements may he classified, the same as plants 
and animals are classified. They may bo divided first into 
two great divisions, the metallic and the non-metallic ; and 
these may be divided again into families, and the families 
BubdiriJcd into mmor groups. This fact indicates near 
relationships in a genetic point of view. 

Meteorites. Some of these, like the raoon, are probably 
satellites of the earth ; but being very small, they are liable 
to extraordinary perturbations, and hence strike the earth 
in many directions. Like the planets and satellites, their 
diffCTenfc densities indicate the differences of their simple 
elements. Some are as heavy as iron, others are as light 
as coal. Accordingly, in their chemical constitutions, they 
have been Ibund by analysis to vary greatly among them- 
selves. kSonie have ninety-six hundredths of iron in them, 
and others ouly two hundredths. In meteorites of all 
classes there have been found only eighteen simple elemcnla ; 
and flicoo are the same as those in our earth. A frequent 
combination, that of iron and nickel, is peciiliar to some 
meteorites, and they have a few other less conspicuous min- 
erals peculiar to themselves. It is remarkable that the 
elements *vliieh are so exceedingly abundant in llje earth, 
oxygen, silicon, and aluminum, are not the most abundant 
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ill meteorites. Osygeu is sparingly present, and not coougli 
to oxydizc the iron and niekel. They have no hydrogen, 
nitrogen, or chlorine. The greater satellite, the moon, ex- 
hibits a similar want of gases. It is airless and ocoauless, 
and seems to be a great rocky mass, like a hnge meteorite. 
Thus while matter was once everywhere the same, and 
while it is still everywhere fundamentally the same, it has 
nevertheless been modified in an infinite number of ways, 
which modifieatioQS ivo call simple chemical elements. 
The former equal diffusion of matter throngh all known 
space, and the uniformity of its properties wherever dif- 
fused, lie at the foundation of the nebular theory. And it 
has been received as an elementary truth that matter, in 
its easi-ntial and fundamental properties, is stiU through all 
known creation identical. In all the globes of spate we 
see matter alike subject to gravitation, inertia, and the laws 
of motion ; in them all it possesses the property of existing 
in the three states, solid, liquid, and gaseous, and therefore 
it must be alike subject to the atomic force of attraction and 
repulsion. In them all it is subject to be modified into 
different simple chemical elements. But superadded to this 
oneness of matter, we behold in every fixed star, in the sun, 
in the moon, in the earth, in all the planets, in all the saU 
ellitfis, in all the meteorites, an endless number of the modi- 
fications of matter. There are no two great globes alike in 
simple elements. There have been causes in operation 
which have produced an infinite diversity. In all this we 
recognize a familiar principle in creation. It is diversity 
in unity. There is a nnity in all vegetables, hut how won- 
derfully is the idea of a vegetable varied in more than a 
hundred thousand diflTerent species ! Even in the same 
species we see no two precisely alike. Therefore we con- 
clude that since the former equal diffusion of matter, and 
during the long process of its aggregation into globes, it has 



Hcssdb, Google 



188 DIVEKSITT OF ELEMENTS, UOW FOEMED, 

been subject to pbysica,! forces wticb. have produced ibosf 
modifications called simple chomieal elements. As evcrj 
oak grows somewhat diiFerently from his fellow, and as 
every difference has bad a i-eal cause winch wo seldom 
understand, so every globe "of space has grown in ita chem- 
ical elements to be somewhat different from its companions, 
from causes in the operation of physical forces which we 
need not now stop to examine. All rivers, islands, and 
mountains, have been formed by the operation of the same 
forces, but no two rivers, no two islands, no two monntains 
are alike. In the same manner, the infinite diversity among 
the chemical elements, formed by the operation of general 
physical forces, should give ua no surprise. And as among 
the various species of plants and animals, we see a gentle 
gradation from one to another with here and there a 
gap of moderate size, so among the simple elements In 
our own globe we find similar gradations, and these gra- 
dations broken occasionally by unespectcd, though mod- 
erately sized gaps. Still in a general way the maxim Lolds 
true, " Natura non facit saltum." It has ah-eady been re- 
marked bow the elements may be divided and subdivided 
after the manner of the ordinary classifications among 
plants and animals. By two methods entirely independent 
it has now been shown that all matter baa the same general 
primary properties, and tliat it has received various mod- 
ifications which may be called secondary properties. The 
one method is by the nebular theory, which assumes that all 
matter was once universally and equally diffused, aud con- 
sequently everywhere the same, la the course of its ag- 
gi'egation into globes, it Laa received very diffei-ent second- 
ary properties. The second method is by direct observation 
on the heavenly bodies. By this we perceive that they 
have now certain primary properties which are the same in 
aU, and that each one, as nearly as our observations can 
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go, Las its peculiar secondary properties. There is a thii'd 
method, fiir more convincing, and whicti gives the otlier two 
nearly all their force. It is the method of examining the 
matter of onr own globe 'with ojl the instruments and with 
all the iight afTordcd hy modern science, 

Secosd Fact. — This brings ns to our Second Fact, 
which' is to show that the primary properties are much 
more numerous and important than the secondary ; tliat 
the seeonilary properties are really very slight, and such as 
may be the result of known physical forces. Nevertheless 
the secondary properties give to the material world all tlio 
strange yttriety that meets our every sense. 

The general propertie's of matter are these — fourteen in 
number, according to my examination : 

1. Divisibility into atoms which to us seem infinitely 

minute and ultimate. 

2. Indestructibility ; however much it may be divided 

and subjected to powei'ful forces, none can be 
annihilated. 

3. Occupancy of space, a property formerly called im- 

penetrability, 

4. Capability of csisting in three very different con- 

ditions ; gases, liquids, and solids. Some few of 
the gases, when alone, have not yet been liquefied 
or solidified, but this can be done by bringing 
them first into combination. 

5. Inertia, the property of offering resistance to force, 

whether in rest or in motion. 

6. Capability of motion, according to definite laws', on 

the application of the forces to which it is in sub- 
jection. 

7. Subjection to mechanical force. 

8. Subjection to the force of gravitation, 

9. Subjection to tlic force of magnclijia. 
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10. Subjection to the force of electricity. 

11. Subjection to the force of heat. 

12. Cipahility of producing certain actions on light and 

heat, as reflecting, refracting, polarizing, and ab- 
sorbing. 

13. SubjeclioQ to atomic force, as in the attraction of 

cohesion between the particles of water. 

14. Subjection to the chemical force, as in chemical at- 

traction and repulsion. 
Al l matter possesses these fourteen general and fundamen- 
tal properties. We may therefore regard it everywhere 
and under all its modifications as being essentially ihe same. 
The difference between the various modifications of matter, 
tlie simple elements, consists not in the possession of any 
new properties, different from the above fourteen, hut e»- 
tirehj in the degree and manner in tvMch tlier/ possess the last 
six of (fte fourteen general properties. This I regard as a 
highly important trutli, and deserving illustratioQ, All 
modifications of matter — simple elements — are affected by 
the forces of magnetism and electricity, but some more and 
others less ; some in one way and some in another. All are 
in subjection to the atomic force, but in different degrees ; 
some are held firmly by this force, and are made strong, as 
iron ; others are held by it feebly, and are made soft and 
tender, as sodium; some it makes >ery dense, as gold; 
others very rare, as aluminum. This same force, by differ- 
ent degrees and modes of operation, imparts to various 
bodies quite difl'erent conditions, as those of elasticity, brit- 
tleness, porosity, ductUity, malleability, and the like. While 
all matter possesses the primary property of being in sub- 
jection to the chemical force, some elements are affected by 
it in one way, and some in another. Again, all the simple 
elements are affected by light and heat, and reciprocally 
they act on light and heat, but in different degrees and way?. 
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Since all matter possesses these fourteen funiJnuiental 
and primary properties, and since sonae portions of matter 
differ from others merely in tlie degree and manner in 
which they possess the last six ot' these fourteen prf)pertios, 
it is evident that these difference, theie secondary proper- 
ties, are comparatiyely slight. These comparati\ely slight 
differences ia different portions of matter are called the 
simple elements ; they are evidently mere circumstance >< of 
manner and degree, and I think I can prove conelusively 
tliat they have heen produced by the operation of physical 
forces during the condensation of the nehuloiis masses. 
But first, let us see what we can do ty ai'tificial means. 

Teied Fact. — By our feeble handling of the physical 
forces we can produce some modifications in matter very 
nearly, if not precisely, Ihc same as the natural simple ele- 
ments. The chief difference is that onr artificial modifica- 
tions are not so permanent as those which are natural, and 
this may be accounted for by the smallness and feebleness 
of our instrumentalities. We can also alter and modify 
the peculiar properties of some of the natural simidu ele- 
ments. A few instances may here he given : 

Osygen perfectly dry and pure may be acted on by 
electricity while passing through a glass tube, and when it 
comes out it is ozone. Ozone has new properties, which 
osygen has not. It differs far more from oxygen than 
gome of the simple elements differ from others ; many 
metals, for example. 

Chlorine, when acted upon by the rays of the sun, 
chiefly the indigo rays according to Draper, of New York, 
receives a new property quite different from chlorine pre- 
pared and kept in the dark. When prepared in the ligiit, it 
acquires the power oi' decomposing water, even when put in 
the dark afterwards. 

Iron may bo put in a coiKlitien m whieb, like gold, it 
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resists tlie action of nitric acid, although in its ordinary 
state it is very readily dissolved by that acid. 

Carbon may be changed into several conditions which 
liave very different properties. The diamond is transparent 
and hard. Lampblack is directly. the opposite. In all 
other forms carbon is highly combustible, but when in the 
condition of plumbago it is used as crucibles to resist the 
action of fire, TMs property cannot be attributed to a very 
minate mixture of iron, for iron is also combustible. The 
internal and molecular differences between the several forms 
of carbon are proved by their differences of specific heat. 

Ammonium. As there are evidences of the existence 
of the simple clement fluorine, although that gas has never 
boon separated, so there are evidences of the existence of 
the metal ammonium although it has never been separated 
from its compounds. This metal is artificially produced. 
It is composed of nitrogen and hydrogen. In all its re- 
lations to the other simple elements and to the laws of 
chemical combination, it comports itself as a true simple 
element. Hence we have chloride of ammonium, aud 
sulphydret of ammonium, and the hke. 

Cyanogen is composed of nitrogen and carbon, and in 
all chemical compounds and chemical processes it sustains 
the relations and peculiarities of a simple element. Hence 
it is called the compound rudide. The fixed Hnes in its 
spectrum, I have been informed, also give it the character 
of a simple element, 

Schonbein, after many experiments, and an investiga- 
tion dmng six months, arrived at the conclusion, that the 
simple elements chlorine, fluorine, iodine, and bromine, arc 
really compound substances. He gave an estrcnaely inter- 
esting account of his proceedings in a letter to Faraday, 
which was published in the " Philosophical Magazine," 
May, 1859. 
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The four examples of oxygen, chlorine, iron, and car- 
bon, are enough to show how those modifications of matter 
which constitute simple elements, can be still further mod- 
ified by the ordinary physicalforces. New properties, such as 
characterize simple elements, can be imparted to them. The 
esamplesof ammonium and cyanogen, show that substances 
which are really compounds may act like simple elements 
in all their chemical relations. Such facts tend to show 
that these characteristics which give to bodies the appella- 
tion of simple dements, are but modifications brought about 
in former epochs, by mighty forces which are now in op- 
eration in our hands in a very small way, Oa account of 
this smallncss, the modifications wbich we produce have 
not the permanence of those produced in the former nebular 
masses. There is a great differeaee between our electric 
sparks and a clap of thunder. And there is a far greater 
difference between our little apparatus and the great neb- 
ular laboratories, many millions of miles in diameter. To 
these we will now attend. 

Fourth Fact. — Before our earth had assumed its present 
condition, there are evidences that it was so highly heated as 
lo have been entirely melted. Other evidences lead to the 
belief that in a stillatiterior period, it was in a gaseous or va- 
porous condiiion, and that in a yet previous period, it formed, 
along with the sun, and all the other planets and satellites, 
a vast nebulous fiery mass. Leaving the demonstration of 
this for another occasion, we must here assume the Neb- 
ular Theory as true, and, according to this, all known mat- 
ter was once gaseous or ncbuloiis, universally and equally 
diffused through space, and by condensation it received the 
forms of fixed stars, suns, and their attending bodies. The 
grand inquiry now occurs, What caused this condensation? 
I can think of no other cause than chemical action. WLen- 
cver chemical combination takes place between two or 
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more bodies, Ihc resulting compound always occupies leas 
space. This is the invariable law. The explosion of gun- 
powder is no exception, for this is at first a decomposition 
and a consequent vast expansion ; afterwards its elements 
combine again, but in a different way, so as to occupy much 
more space than when in powder. 

It has hitherto been supposed that the contraction of the 
former nebulous masses was due lo their loss of heat. 
That great expansion of matter, it has been assumed, was 
caused by inlcnso heat, and the constant radiation of this 
heat away in the realms of space, left these masses con- 
stantly cooler and smaller. But there are two impossibil- 
ities in the way of tliis supposition. First, we can think 
of no cause for this intense heat. Heat can no more exist 
without a cause than motion ; and for heat on so grand a 
scale ihrough all space, anil in such intensity, we cannot 
possibly conceivo of any cause. Hecondly, if all space were 
thus heated, there could be no possibility of its radiating 
away. It must forever, as far as we can see, remain the same. 

But if matter were originally homogeneous, or so nearly 
homogeneous as to have but two or three modifications, then 
if chemical combination began, there would bo a simul- 
taneous contraction ; there would he a breaking up of the 
original mass into separate nebular masses ; there would 
be intervening vacant spaces ; there would be the produc- 
tion of heat and light ; and then would begin the radiation 
of that heat into the spaces kfl vacant As this chemical 
combination should go on, the open spaies would become 
larger, and the material masses would _rj\\ 'fmalk-r, until 
they arrived at thtir prtsent sizes The fiery condition 
would all the while be mamtamtd until, as m the case of 
the earth, and more especially the moon, chemical equilib- 
rium would he attained, and then the fue ind the luminos- 
ity would die cut 
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But what caused thia original chemical eombraation ? 
This question we will be able to anawer as soon as we learn 
what causes chemical action now. We do not know what 
causes oxygen and hydrogen or oxygen and carbon to 
combine and give out heat and light. Thia we may one 
day discover, and then we will be prepared for the qucstioa 
respecting the beginning of the first chemical combination. 
We are at liberty to assume that matter in thia state of 
universal diffusion had only two or three modifications, and 
that all others have been deri^-ed from these by different 
combinations ; because we know how many dozens of dif- 
ferent substances may be formed from these three, oxygen, 
hydrogen, and carbon. The same atoms, combined in dif- 
ferent ways and in different proportions, form different 
compounds. 

As a fiirther elucidation, I offer the following ; The 
universal diffusion of matter must have been caused by an 
excess of the force of repulsion between the several atoms 
almost infinitely beyond what exists now among the gases. 
It must at least have counterbalanced, and a little more 
than counterbalanced, the force of gravitation. This great 
force of repulsion naust have been converted by some means, 
as yet unknown, into the force of chemical action. This 
conversion of the forces is now a familiar idea. Heat may 
be converted into motion, and motion into heat. The elec- 
tric force may be converted into chemical force, and the 
chemical force into the electric force ; and similarly be- 
tween the other physical forces. According to this idea, 
the force of repulsion, which once held all matter equally 
diffused, completely counteracting universal gravitation, is 
now expiring in the form of chemical action, in one after 
another of the lost stars — not really expiring, but chang- 
ing into heat and light. 

In those great nebulous masses which formed our solar 
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system, and tlie many systems of the fixbd stars, ^e see as 
miny clieinical Hboratories, in operation tl ousanili of mill- 
ions of years on a "ratid and majftuficenf -.cale Our ow-u 
"ystem once occup cd a space many times laigcr ih m the 
orbit of Neptune AH its inattri i!a then wore many mill- 
ion time^i more rare than h^drosco, which la e\t.n jet i 
quarter of a million times more lire thin, platinum Thi. 
pHy of all the phyaiLol forces during so long a time, m 
such immense bodies ind m sucTi vast contractions from 
their extreme rarity to their present densities, is entirely 
beyond our concept ons But here we behold a state of 
things and i scale of oi lations exactly suited for the mod 
ihnti a of matter J£ we with our small mamptdations 
cm pro luce stiiking chan''es, such as those ■no have dt- 
ta 1 d in os^gcu chlorine irm caibon, immoniura, and 
cyanogen what miy we not expcLt m a eonlcnsation Irora 
such a rare condition durmg so long a time, and wndcr the 
action of all the physical forces known and unknown ? The 
unknown physical forces are probably numerous. It is but 
a little while since the discovery of the force of grivitation 
with its remarkable laws and amversal extension Elee 
trie ty magnefism and gilvaniam are quite recent diacov 
eric A (.hemuil medium of uniieraal extension, and 
vibritmg iQ fie starbeims la onlyjiat now 1 rcaking on 
our iicw n vibratory nature of 1 ght and heat and tl e 
forces re ilingineach are among the latest wooders of 
s(. ence All the e jhjaical faices must ha\e been la ac 
tive operal on durn^ the cmd nsatun ot tie nebulous 
globes and how many more pbj icil foiCLSWuc engaged 
in the great work we cannot imagine ^citKr can we 
fell what were those iTeat chemical operations evidently 
our little laboraf«ri(,s can give us no just id as But 
among those forces known ind unknown an! m those im 
mcnso an! i ng conlinucd operation m tl sl con 1 n'a ojs 
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SO extremely great, it Is reasonable fo suppose that modifica- 
tions of matter took place whicb are permanent, not tempora- 
ry, like those wMch we can make. The modifications which 
we can make, we can alter again and destroy ; hut we ueed 
not wonder that we cannot, with onr small meanS; alter and 
destroy all the modifications made by such celestial means, 
during such periods, and in such condensations. Seeing, 
therefore, what vast, what mighty, and what long-continued 
laboratories have been at work everywhere through space, 
wc should QOt be surprised that matter in all the great 
globes of space has been modified in an infinite number of 
ways. The theory of chemical action, therefore, accounts 
not only for the light and heat of the celestial bodies and 
for their changes, but it accounts also for the origin of the 
simple chemical elements, and for the fact that in all the 
great globes of space the elements are different. 

There are two ways in which we can conceive that new 
elements may be formed. The one is by a change in some 
previous element, as the change from oxygen to ozone. It 
has been happily said that the difierence belween ozone and 
oxygenjionsiats in a different packing of the atoms. Be- 
cause our packing is not permanent, that is no reason why 
the pocking during the nebulous condition, under mightier 
forces, should not be permanent. The other conceivable 
way of forming a new element is by compounding previous 
simple elements. This would, indeed, make a really com- 
pound element, but it would be simple to us as long as wc 
are unable to decompose it. Probably every intelligent 
chemist suspects that what wc call simple elements are not 
truly simple, but only undecomposable as yet by our means. 
The mighty forces at work in the sun — and they are incon- 
ceivably mighty, judging from the light and heat — can un- 
doubtedly put things together which our little means can 
never lake apart, especially during those long periods for 
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work while the sun was condensing from heyond the orbit 
of Neptune to that of the earth. To all this must be addei* 
the powers at work ia the earth during the long and vast 
condensation from a distance far beyond the orhit of the 
moon. Therefore, what we call simple elements maybe 
not only compounds but double compounds, or compounds 
th it are the result of hundreds or thousands of eompound- 
in^s In this way there must have been at different peri- 
ods entu-ely different fets of eli,ments in the sun ; the same 
as at different periods thi.re have been different sets of 
plants and animals on our globe. For this reason the 
thecQical a tioa in the sua may ha^e coatiaaed so long ; 
iftir one '■et had combined anotlier set has been ready for 
1 like opciation Farther probability is lent to this fre- 
qaent compounling in order to reach the present results, 
by the infinite minulene«s of tte ulfim ite itoms of matter, 
and bj the wide diffusion of the materials of the sun in a 
nebulous condition, being some Lundicd miilion times more 
rare than hydrcgen, which is, as just siid, still a quarter 
of a million times more rare than platinum Each com- 
pound dimimshes the space occupied by its previotie simple 
elements, J,nd judging from the vast diminutions of space 
occupied by matter, we are led to think ot an almost infi- 
nite nnmber of compoaadmga, each one following its prede- 
cissor Remembering the many wondLrful iHuslratioas of 
the mhmte minuteness of the ifoms of mattir and also their 
former wide diffusion through space, we are astonished to 
think how much farther apart these atoms then must have 
been than they are now. Even now the atoms are farther 
apart than their diameters. The interveniag spaces, then, 
must have been filled with these media, which are the in- 
struments of force, then existing as force in reserve. Each 
new compounding and packing must have expended some 
of that force, and must have brought the atoms closer and 
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closer together, and therefore the series bf changes in mat- 
ter, during millions of centuries, must have been marvel- 
lously numerous. The inquiry, What becomes of the 
products of combustion in the sua ? is in this view easily 
settled. Those compound products may combine with one 
another, the same as some compounds here may combine 
and give out heat and light, only those in the sun are on a 
larger and naore intense scale. There are still several 
other astronomical facts which prove that the simple ele- 
ments were created during the fiery nebulous condensations. 
These will here be added : 

Fifth Fact. — The densities of the several planets, and 
consequently the nature of their simple elements, arc such 
that these elements must have been formed since their sepa- 
ration from the sun. Takbg water as a standard of unity, 
their densities are as follows ; Neptune, 1.25 ; Uranus, .97; 
Saturn, .76 ; Jupiter, 1.32 ; Mars, 5.21 ; Earth, 5.44 ; Ve- 
nus, 5,11; Mercury, 6.71. These figures are from Hum- 
boldt's " Cosmos," and consequently they are German author- 
ities. Hersehel's " Outlines" makes Neptune equal to Saturn. 
With this amendment the densities of the several planets in- 
crease generally in the direction toward the sun. This is 
accounted for by the Nebular Theory. The outer portion of 
a nebular mass must always be the lightest. The planets 
were separated in the order of time from the outer to the 
inner. Hence their densities should strictly follow that 
law ; every one should be lighter than its next inner neigh- 
bor. But there arc two striking exceptions, Saturn and 
Venus. Instead of being heavier, they arc lighter tbau 
their nest exterior neighbors. Once they were more dense, 
now they are less dense. This change has occurred during 
their separate nebular periods. It is a change in the ele- 
ments of the planets, because density depends on the nature 
of the elements. Ttc explanation is easy and natural. In 



Hcssdb, Google 



200 FOEMATION OF ELEMENTS OF TUE EARTH. 

the Earth, the planet next exterior to Venus, a set of sim- 
ple elements has been formed, denser than those in Venus, 
out of miiterial which before was lighter. This was done 
during the process of nehular condensation. The same 
must be said of Uranus, the next exterior neighbor to 
Satum ; and also of two of Jupiter's satellites. The first 
or nearest is less dense than tlie second, and the second is 
less dense than the third. 

Sixth Fact. — ^Another fact, proving that the present 
elements of the planets have been created since their sepa- 
ration from the sun and during their fiery nebulous histories, 
is seen in the nature of the elements of our earth. Their dif- 
ferences m d ns ties are so wide (hat they could not have ex 
isted in the i.me lajer at the surface of the sun, when in a 
nebulous condi on !Not only platinum but also gold and 
several other metali ire nearlj t quarter of a million times 
more dcn^io than bydrOgCn Thi,y are also enormously more 
dense than the other gases or than, the vapor of water. 
The amount t these metals is considerable, for they are 
very generally diffused through the crust of the earth. In 
the clay beneath this city, from which its bricks are made, 
we have re.centiy been told that the quantity of gold is large. 
There is enough in the walls of every house to gild their entire 
outer surfaces. There must indeed have been vertical cur- 
rents in the sun even in its nebular condition, and consequent- 
ly a mixing up of the heavier with the lighter materials to a 
certain extent. But there could have been no mixing gold 
with hydrogen, or even iron with the vapor of water. Had 
these elements then existed, (he gases and the vapor of water 
would have been far away on the surface of the atmosphere 
of the sun, and the gold and iron down in the interior, lu 
the extremely thin nebular ring which separated from the 
sun and formed our earth, the elements must have been not 
far from the same density, and their wide dilTerences must 
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have originated during tlie vast cliemical operaliona ivhich 
allowed the earth to condense from far beyond tlic orbit of 
(lie moon to iis present size. 

Seyextii Fact. — The composition of Blefeoritcs is 
anotlier fact tending to prove that the simple chemical 
elements have been formed during the process of nebular 
condensation. Tlicy have only eighteen simple elements 
in tliem ail, and none of these are different from those 
in our eartli. According to the nebular Ihcoiy, some of 
tbem may have been given off from our earlh by centrifugal 
force while in a nebulous condition, either before or since 
tlie parting of the ring which formed the moon. Being 
very small, we cannot suppose that their interior chem- 
ical action proceeded with all that power which belongs 
to great bodies lika the sun or the earth, and which is ne- 
cessary to form new elements. Hence no new element was 
formed within them after parting from tijc earth. Eut in 
the great laboratory of the earth, the forces were at work 
on A much larger scale, and during a mueli longer continu- 
ance, and hence they wrought out more than forty addi- 
tional elements after the pai-ting of the meteorites. Tims 
the chemical theory accounts in a very natural manner for 
these two circumstances : first, why there are so few simple 
elements in the meteorites ; and, secondly, why none of them 
are different from those in the earth. It may be said that 
the meteorites should be regarded as small asteroids circulal- 
iug around the sun exterior to the earth's orbit, and not as 
satellites revolving around the earth. This supposition 
would lead to the same explanation of the elements of me- 
teorites. Tlie deficiency of the gaseous elements in metcoi'- 
ites may be explained by the supposition that these had not 
yet been formed, or had been only sparingly formed. Oxy- 
gen, for instance, was so dcQclsnt, that the iron and the 
nickel are not oxydized. 
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Eighth Fact. — In tte sun there are two facts which fa- 
vor tteso Yiewa of the formation of the simple elements dur- 
ing the process of condensation — its want of density, and its 
active display of the physical forces. The density of the sun 
is only ahout one-fourth of the density of the earth. On two 
separate grouni^a we should have expected to find the sun at 
least tea times inore dense fhan it now is : first, because of 
the great amount of its own gravity, compressing its volume 
with a power far beyond that of the planets ; and secondly, 
because of the law of density of tho solar system. This law, 
in its pure generahty and completeness, has never yet been 
stated, that I am aware ; it is this ; The central paits of the 
solar system are the more dense, the circumferential parts 
are the more rare. The illustrations are of three quite 
independent classes : First. Theseverallayersof the earth 
and of the planets are more rare at their surfaces and more 
dense as they approach their centres. Secondly. The plan- 
ets being central in their own systems, are more dense 
than their satellites. Thirdly. The planetary members of 
the solar system generally inci-ease in density from Nep- 
tune, at the circumference, to Mercury, the most central. 
The san is the great exception to this law of his own sys- 
tem, the very member where the law should most dominate ; 
and on account of this fa«t, and of his exceeding force of 
gravity compressing his volume, we must look upon his want 
of density as being due to some great and noteworthy cause. 

This cause we cannot suppose to be its expansion by 
heat ; for heat never expands a licinid or solid ten times its 
volume — it flies off into vapor before that. The only sup- 
posable eaaso i'f, that the enn has not yet received such a 
set of simple elements as to make it ten times more dense 
than it now is. But there the physical forces are still in 
an inconceivable itate of activity. By their action a set 
of elements may be prepaied which is to impart the due 
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degree of density. Therefore, the two facta, that the sun 
is not yet dense enough to follow tte law of the solar sys- 
tem, and that in its constitution the physical forces are still 
active, agree well together, and bring the sun in harmony 
with the law of his numerous attendants. In the planets 
and satellites, the activity of the physical forces has ceased, 
and their densities are according to law. In the sun the 
activity of those forces has not yet ceased, and therefore 
its density is cot yet according to law. It has not yet re- 
ceived the elements required for its due density. They are 
to be elaborated during the sun's condensation. When that 
process is completed according to the law, his diameter will 
be less than half of what it is now. 

The eigtt facta, or classes of facts, now reviewed in this 
section, seem to me to be exceedingly strong lo prove that 
the simple elements have beeu formed during the period of 
nebular condensation, and by the agency of physical forces 
employed in the process of chemical combination — a pro- 
cess not yet in the least understood. 

Matter nearly equallydiHused through space, must have 
been nearly homogeneous ; but after its condensation info 
globes, we iind that all these globes have different simple 
dements. No two fixed stars have the same lines in fheu- 
spectra. Tie earth was once less dense than Venus, but 
during its condensation it received a set of simple elements 
which made it more dense. The same change of relation 
took place between Uranus and Saturn, When the earth 
separated from the sun in the form of a nebular ring, its 
materials must have all been so nearly equally dense as to 
float together on die surface of the sun's equator ; but now 
after a long nebular condensation, a new set of elements 
have been formed, some of which are about a quarter of a 
million of times more dense than others. The earth had 
once only about eighleen simple elements, and they were 
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not different from those now in the meteorifcs ; but during 
niibular coudensation about forty new elements Lave beea 
formed. The sun, to agree with the law of density of the 
solar system, should be ten times more dense than it is 
now ; but this want of density can be accounted for by the 
fact that the physical forces are still at work in its consti- 
tution wilh the most inconceivable activity, and therefore 
they have time enough to elaborate a set of elements of dne 
density. These simple elements are in all cases mere mod- 
ifications of aa original and fundamental matter. This is 
made evident by the facts that they all have fourteen essen- 
tial properties in common, and that they differ only in the 
manner and degree of the last six of these properties. Such 
modifications of matter as. simple chemical elements, we can 
make by our feeble employment of the physical forces ; 
though on account of this feebleness our modifications are 
not permanent. But in the condensations of the great globes 
of space, condensations reducing their volumes millions 
upon millions of times, alive all the while with the active 
play of tlie physical forces, it is reasonable to suppose that 
these forces in such vast bodies and during such long periods, 
could produce modifications in matter which to our imperfect 
means must appear as simple undecomposable elements. 

Evidently at the present period the activity of the phys- 
ical forces in the sun, is beyond all our powers of concep- 
tion ; and as the chemical elements have originated during 
the past activities of the stars, of the sun, and of the earth, 
it is unscientific to suppose that the production of such ele- 
ments has ceased in the sun, unless wo have some reason 
for such a supposition. What has been going on we must 
believe is still going on, until some evidence appeai-s for a 
cessation. In the earth an equilibrium is attained among 
its forces, and all is still, save the impulses which come 
from abroad. No more modifications of matter here occai-. 
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except such small ones as our feeble means can make. But 
in the Sim the case is very different. There the formation 
of new chemical elements may be going on as rapidly as 
ever. Simply by admitting this, we then must yield our 
belief to the vast number of facts in the earth, in the sun, 
and io the stars, which go to prove that their great changes 
in light and heat, as well as their continnance and diseon 
tiiiuance in light and heat, are the natural results of chemi- 
cal aclion. 

I Lave now finished what I have to say on the only 
objection ever raised against the theory that the light and 
heat of the sun are produced by chemical action, I have 
shown that this objection — tte want of fuel in the sua — is 
unfounded ; for it proceeds on the three unwarrantable as- 
sumptions. In opposition to the first assumption I have 
shown that it is possible, and even probable, that the mate- 
rials of the eun, pound for pound, give out far more heat 
than those in our earth. In opposition to the second as- 
sumption I have shown that it is possible, and even prob- 
able, that in the vastly different conditions of chemical 
aelion in the great central orb of our system, more heat 
may be given out by the very same materials than in our 
small furnaces. In opposition to the third assumption I 
have shown that it is possible, and even probable, that by 
the action of the physical forces at work in the process of 
chemical action and condensation, new fuel may be con- 
stantly prepared to keep alive the burning in the sun. 

Therefore regardiag the objection as invalid, and not 
warranted when we take a wide view of facts, we are com- 
pelled to fall back on the many positive arguments that our 
own globe was once ia a blaze by chemical aclion ; that the 
sun is now in such a blaze, and also the fixed stars ; and so 
they will remain until, like our earth, their lights go cut, 
and they are called lost stars. Ia view of all the evidences 
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iu favor of cheraical action in those great stars, and 'also 
formerly in our earth, tie true scientific course is not to 
deny that action on accoimt of any apparent diificuUies, but 
to inquire how it differs from that action in our small iah- 
orafories ; how it is modified by the action of physical 
forces known or unknown. The play of these forces in 
condensations many thousand millions of times, must have 
been powerful beyond conception. We are terrified at the 
action of elecfricity in the condensation of a mere summer 
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until finally the gieat clock of toiccs mnodown in one afttr 
another of these globes, and they become nnluminous and 
cold. About the origin of these forces, and the primal wind- 
ing up of these great docks of eternity, we do not now 
inquire. 

SEOTIOiT XIV. 



The additions which the chemical theory of stellat light 
and heat, make to the acquisitions of science, and tlio con- 
fidence it should inspire in its truth, may be seen in the fol- 
lowing large catalogue of facts for which it accounts : 

I. THE nXED STABS. 

1. The chemical theory accounts for the exact and 
punctual peiiodieity of some of the periodic stai's. 
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2. It aeeouafa for the waat of exact punctuality in tlio 
periods of others. 

3. It accounts for the irregular routines in tlie waxing 
and waning of their light. 

4. It accounts for the substitution of one irregular rou- 
tine for another. 

5. It accounts for the shorter time in the increase than 
in the decrease of the light of periodic stars. 

6. It accoiiuts for two ntaxima and two n 
period. 

7. It acconnta for the variations in 
luioima, they being sometimes larger and sometimes 
smaller. 

8. It accounts for the fact that fljc more constant the 
routines of waxing and waning in any star, the more punc- 
tual is its period ; and the more inconstant ils routines, the 
more uupunctual its period. 

9. It accounts for the irregular stars. 

10. It accounts ibr the lost stars. 

11. It accounts for the temporary stars. 

12. It accounts for the great fact that the invariable, 
the periodic, the irregular, the lost, and the temporary stars, 
gradaate from one to another by insensible degrees. 

13. It accounts for the endless variety of color among 
the different stars. 

14. It. aceoanis for their changes of color. 

15. It accounts for the fact that the flsid lines are dai'k 
instead of variously colored m the light of the atais. 



16. It accounts for the simple chemical elements in a 
state of vapor held in suspLuaion in the flames ut the sun. 

17. It accounts for the oiigio ot the clouds m the sun, 
aud their wonderful extent both huiizontally ind vertically. 
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18. It accounts for the invisibility of these clouds except 
in total eclipses. 

19. It accounts for the existence of the flames. 

20. It accounts for the agitations of the flames and their 
tall flaies or faculce. 

21. It accounts for the great and sudden changes in the 
shapes of the spots. 

22. It accounts for the liquid condition of the body of 
the SUD. 

23. It accounts for the agitations and local currents in 
that liquid. 

24. It accounts for the existence of the pores. 

25. It accounts for the origin of the spots fi-om the pores. 

26. It accounts for the dark central nucleus in the spot. 

27. It accounts for several nuclei occasionally in the 
same spot. 

28. It accounts for the occasional existence of several 
shades of color in the same penumbra. 

29. It accounts for tlie increasing and decreasing in the 
size of the nucleus as the penumbra increases or diminishes. 

SO. It accounts for the general fact that the penumbra 
appears before the nucleus, and shows, why it remains after 
the nucleus has vanished, 

31. It accounts for the occasional exceptions to this 
general fact. 

32. It accounts for the light border around the spots. 

33. It accounts for the occasional bright streaks of 
light in the nuclei. 

34. It accounts for the occasional broad patch of bright 
light in the central part of a spot. 

35. It accounts for the breaking of the spots into frag- 
ments. 

36. It accounts for the rapid flying asimder of the frag- 
ments after the breaking of a spot. 
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37. It acconnts for tho oeeasional approaching togetlicr 
or tlie separating of two spots. 

38. It accounts for the fact that the rotation of the snn 
on its axis appears more rapid when estimated by some 
spots than when estimated by others in the same latitude. 

39. It acconnts for the more obscure and undefined ap- 
pearance of the spots as they are vanishing, 

40. It accounts for tho final extinction or melting of 
the spots. 

41. It accounts for the fact that the spots are not gen- 
erally seen near the border of the sun. 

42. It accounts for the nearer approach to the border 
by tho larger than by the smaller spots. 

43. It accounts for the apparent notch once said to 
have been made in the border of the sun by a spot, 

44. It accounts for the fact that the eastern border of 
the penumbra is seen first, then the nucleus, and, lastly, the 
western border ; and that when the spot is disappearing hj 
the rotation of the sun, the eastern border of the penumbra 
first disappears, then the nucleus, and, lastly, the western 
border. 

45. It accounts for the fact that the light of the sun is 
not polarized. 

46. It accounts for the great heat of the sun. 

47. It accounts for the light of the sun. 

48. It accounts for the long continuance of the light 
and heat of the sun during so many millions of years, as re- 
vealed by geology. 

49. It accounts for the want of density in the sun. 

50. It accounts fbr the brighter appearance of a spot 
than of a planet in its traitsit across the sun. 

51. It accounts for the radiation of heat by the spots, 
and that this heat is less tlian that from tho flames. 
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in. THE EAETH ANC THE MOON. 

52. It accounts for tlie present general combiuation of 
the chemical elementa of our globe. 

53. It accounts for the partial combination of sonic of 
these elements. 

54. It accounts for the want of combination between 
Bome of these elements. 

55. It accounts for the present interior heat of the globe. 
50. It accounts for the former entire fusion of the globe. 

57. It accounts for the cessation of the former causes 
of heat, and for the conseqnent cooling of the globe. 

58. It accounts for the great geological features of our 
globe in bo far as they are the consequence of its cooling, 
sucli as the eleyation of coatinents, islands, and mountains, 
the depression of tlie ocean beds, and the occurrence of vol- 
canoes and earthquakes. 

69. It accounts, by the same reason, for the volcanic 
and igneous structure of the moon. 

60. It accounts for the extinction of the igneous action 



61, It accounts for the parallelism in the history of tho 
great globes of space, tho fixed stars, the sun, the planets, 
and the satellites. The parallelism appears In this way : 
The fixed stars arc undoubtedly liquid in their conslitations. 
We have evidence of their cooling and solidifying in the ir- 
regular spots causing their periodicity, and in the total ex- 
tinction of their light. We see the beginnings of cooling 
and solidifying in the pores and spots in the sun. The 
earth bears evidence of having been liquid, and of having 
cooled very gradually. The igneous structure of tlie moon, 
aud the extinction of its volcanoes, indicate a similar his- 
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fory. It 13 tho nature of tie chemical elements, of whicTi 
all tliese bodiea are composed, to unite and produce heat : 
it is equally the nature of these same elements, after their 
union, to cease producing heat, and to allow these great 
bodies to cool, to lose their luminosity, and to solidify first 
on their exteriors in a thin crust, and afterwards very 
slowly in the interiors. All this remarkable parallelism ia 
the huge globes which roll afar and near, is accounted for 
by this theory. 

62. It accounts for the fact that in this history of the 
great globes, the satellites take precedence of the planets, 
and the planets take precedence of the snn, in losing their 
luminosity and heat. The moon is evidently in advance 
of the earth in cooling, because her volcanoes are extinct ; 
and the earth is in advance of the sun, because it has lost 
its luminosity. After the separation of tho moon, the earth 
had to contract, by chemical action, all the distance from 
the orbit of the moon. After the separation of the earth 
from the sun, the latter body had to contract by chemical 
action nearly two hundred million miles. In each case the 
greater amount of contraction must cause delay in ultimate 
cooling. 

63. It accounts for two methods in the extinction of 
the light of a burning globe : first, by the gradual dying 
out of its fires equally all arouod ; and secondly, by the for- 
mation of dark spots, which slowly increase, and at length 
envelop the entire star. The extinction of the temporaiy 
stars are examples of the first method, and the periodic 
stars are examples of the second. Upsilon Geraiuomm is 
visible only about one-eighth of its period, and Mira Celi 
about ouc-third. 



v. THE CHEMICAI. I 

64. It accounts for the origin of the simple chemical 
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65. It aj^counts for the fact that no two great globes of 
space are the same in their simple elements. 

66. It accounts for the fact that interior planets and 
sateUitea arc la a few cases less dense than their next ex- 
terior neighbors. 

67. It accounts for the existence of such diverse ele- 
meuts in our globe, as hydrogen aod platinum. Their ex- 
istence together in our earth, without this explanation, 
■would be fatal to tlic uchuiar theory. 

68. It aceouQts for the contraction of the former neb- 
ulous Eoasses. 

69. It accounts for the fact that by the use of proper 
forces we can make such remarkable modifications in the 
simple chemical elements, as their allotropic states, — such 
modifications being merely examples ott a small scale of 
those greater modifleatioos which constitute the chemical 



70. It accounts for the fact that there are only eighteen 
simple elements in all the meteorites. 

71. It accounts for the fact that the elements of the 
meteorites are not different from those in our earth. 

There is a wide difference in their natures between 
many of these facts. A theory closely linking together 
such far distant diversities, and shedding the information 
we demand npon all, stands before us arrayed in strong 
recommendations. The problem before \is is not simply to 
explain the cause of the light and heat of the sun and the 
fixed stars, but also to explain the partial and then the fotaJ 
extinction of their L'ght and heat. Whatever theory we 
adopt, it must tell why the snn and many of the stars are bright 
and radiant with heat, and why the eai'th and many other 
stars have lost their luminosity. It must explain two dif- 
ferent modes for the extinction of a star's light : one by the 
gradual dying out of its light, and the other by a periodical 
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disappearance and reappearance ; its light at eacli reappear- 
ance growing less until it reappears no more. The theory 
most explain a vast number of important activities in the 
iixed stars ; anch as their changes of color, and their several 
curious ways of varying tlie amounts of their light, and the 
appearance and disappearance of a temporary star. It 
must explain the activities ia the sun, such as the spots, the 
pores, the clouds, and the facula) or ridges of flame. It 
must explain why a fixed lost star has been left in the con- 
dition in which we now find the earth and the moon. It is 
wonderful what a wide range of phenomena must all be 
hroaght together and explained by one and the same theory. 
The chemical theory does all this, according to very familiar 
laws, easily and simply. 

This theory is indeed remarkable for its simplicity, for 
its harmony with the known laws of the materia! world, 
and for revealing more clearly and more extensively than 
ever before the principle of unity between all parts of cre- 
ation near and remote. It assimilates more than ever the 
earth and the great celestial bodies. This identifying more 
and more the earth and the stars was at the foundation of the 
two great advancements in modem astronomy by Copeniicus 
and by Newton. Copernicus boldly made our earth, not 
the centre of the un a und hich the whole heavens 

revolved, bat a planet 1 ke the other planets, wheeling 
around on its axis, and h 1 und the sim. No\vton 

still further assimilat d the ah ind the stars. He ex- 
tended an earthly prm pi t t! uu and to the planets, 
and he showed how th y all 1 ke actuated by the fa- 
miliar force of gravitation. Later discoveries have extended 
the same principle to the fixed stars. The chemical theory 
hinds the earth still more intimately with the sun, the 
planets, and the fixed stars. It shows that their natures 
and thair histories are the same. And it dignifies tJio 
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chemical force equally widi the force of gravitation, by es 
tending iDotb alike tlirougliout the entire known universe. 



SECTION XV. 



It may be thought that I should have begun this Second 
Part by a formal statement of my theory of the force ■which 
haa givca so prolonged a duration to the light and heat of 
the sun, as is revealed by geology. But all theories should 
be founded on facts, and I preferred to bring forward the 
facts first. These facts, on account of the .present condifion 
of scientific opinion, I have thought best to present as re- 
butments to the one familiar objection against the chemical 
theory. Thns it comes out ultimately that the chemical 
force, now active in the sun, is the conversion or conserva- 
tion of (he atomic force of i-epulsion which once held the 
solar system in a nebulous condition. That condition was 
one of inconceivable rarity — many thousand billion times 
more rare than hydrogen, as will be shown in my demou- 
stration of the nebular theory. The force requisite to ex- 
pand the sun so far, must have been inconceivably great, 
That force, being indestructible, must still exist. But where 
has it gone ? The answer is obvious ; it is now passing 
off, and has long been passing off, as light and heat, through 
conversion into chemical forces. How the forms of force 
are converted into one another we cannot tell. We know 
not how mechanical force can be converted into heat, still we 
know that such changes can occur. But why suppose that 
the original repulsive force is converted into light and heat 
through chemical force, rather than through the electrical 
or some other mode of force ? The answer is, because the 
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present action in the sun, and in tlio fixeJ slars, and the 
former action in our earth, as already detailed in the be- 
ginning of Ihis volume, all strongly indicate chemical ac- 
tion. Thia force now operates by three methods, as already 
described in the tbree sections on the three " assumptions : " 
first, by elements Ih t aff 1 a tly mo eh t than those in 
our earth ; secondly Vy p obable con! t ona for producing 
heat different from an th no small esperiments ; 
thirdly, ty the form t n f n w f I ih as new com- 
bustible compounds an s nj 1 In ents from pre- 
vious incombustible n t 1 Mate al may be incom- 
bustible in one stat 1 ut ■j comba t ble n another allo- 
tcopic state. Carbon n tLe f m of plumlago, is so in- 
combustible as to be si a ru bl a n the hottest fur- 
naces ; but in different slates it is the best of fuel. To give 
a full Tiew of this theory before the discnsaion of the nebu- 
lar theory, is inconvenient. It would occupy too much 
space, and the reader ia not prepared. Hence, a further 
exposition of the theory of chemical force ■will be deferred 
to the section reviewing other modem theories of creation. 
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PART III. 

TEE ORIGIN Oil" THE STARS. 



SECTION XVI. 

THE TTHITEEaAL DIFrUSlOH OF ITATTEE. 

As the round and beautiful rain-drops which sLiao in 
the rainbow derive their origin from a condensation of the 
moisture in the air, so the round and beautiful stars which 
shiae in the sky derived tJieir origin from a condensation 
of matf«r formerly diffused through aU known space. But 
what held maftec in this diffused condition ? What caused 
it to condense ? And what is the force which gave their 
motions to the stars, and arranged them in their curioas 
clusters ? The solar system, for instance, is one of the 
smallest of these clusters ; it consists of more than a hun- 
dred members. They are woven in a web ; or rather, they 
dance around in complicated circles, each one having two 
motions, and some of them three. The moons rotate on 
their axes, and they revolve around the planets, while, at 
the same time, they are revolving around the sun. The 
forces which arranged the stars into systems, ■whieli gave 
them their astonishing velocities, which caused their con- 
densation from a nebulous condition, and winch formerly 
held all matter suspended in that nebulous cocd.ilion, ire 
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are now about to explain. We are enteriag upon a grand 
and sublime inquhy. It is not simply the creation of the 
world, about wliicb Milton sang ; but the creation of untold 
millions of suns and of woilds. His lines, in beginning his 
great poem, are appropriate for ua now : 

" Thon, Spirit, tlmt dost prefer 
Before all temples the upright heart and pure, 
Instruct me, for Thou Imowest. 

What in me is darli, 
Blmnine ; what is low, raise and eupport ; 
That to the height of this great argmnent 
I may aasert Eternal Providence, 
And Justify the ways of God toman." 

But why do we assume that all mattci i^as i miLilj 
diffused equally, or nearly equally, through all knjwn 
space ? Eecattse from this assumption, and fiom the ittion 
of well-known forces, we can demonstrate with mathemati- 
cal certainty, that just such clusters ot stws as our ttlai 
system, with precisely stich velocities, must re ult The 
aim of oar argument will be to show, th'kt the production 
of our solar system, with its strange pecuhanties, is one of 
the inevitable consequences of such an assumption In all 
this we may recognize a wise, a mighty, and a benevolent 
First Canse. Just as He now creates every ajple on the 
trees by the agency of definite forces, so He has created the 
stars. Our duty is to study the action of these forces, both 
in the formation of an apple and of a world. 

By what force, theu, could matter bo diffused through 
all space ? By the force of atomic repulsion. By this 
force, an ounce of hydrogen is now diffueod through a 
quarter of a million times more space than an ounce of 
platinum ; thatis, by thia force its atoms are held a quarter 
of a million times fiu'ther apart. It docs this against an 
atmospheric pi-essuro of one ton on every square foot nf 
10 
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space ; and how far it can possiMy hold the atoms of mat- 
ter asunder ■without such pressure no oae can t«ll. 

By what force could this repulsion be overcome, and 
condensation be carried on ? By the chemical force ; the 
same force that overcomes the repulsion ia both hydrogen 
and oxygen, and causes their condensation into water. The 
most mysteriona of all known truths is that of the conver- 
sion of forces. Mechanical force, such as the blow of a 
hammer, may he converted into the force of heat, and this 
heat into the force of electricity, and this electricity into the 
chemicfj force ; all these forces successively being in pre- 
cise and definite proportions to one another. But how the 
conversions take place, we have not the least idea. We 
may well assume that the repulsive force v/hieh held all 
matter diffused throagh space, was converted into chemical 
force. But, as in the other cases just mentioned, we can- 
not tell how, Keilher can we tell what should cause chemi- 
cal action to begin, any more than we can tell what causes 
chemical action now. We simply know its possibility now, 
and such possibility may have been then. AYe may sttp- 
poso tliat even then, by some means unknown as yet, mat- 
ter was modified into (wo or more ditTerent elements, thus 
allowing their chemical combination by difi'erent degrees 
into varions componnds. But we know that the necessary 
consequence of chcmicsil combination is condensation. 
Therefore, after chemical action began, matter immediately 
occupied less and less space. It must, by the same pro- 
cess, continue indefinitely to occupy a smaller anaount of 
space. Hence, after an inconceivable nuj-ibcr of millions 
of years, matter, from being universally diffu.-ed, is now 
contracted into solid and liquid globes, like the sun and the 
earth. The chemical action now going on in the sun, wo 
may regard as the continuation of the long process ; and 
the force which now proceeds from iha nun in the form of 
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light aod heat, we may regard as but the conversioti of the 
repulsive force which onee held matter in a state of univer- 
sal difiiision. 

Thus when we assume that all matter was diffused 
through all kuown space, we assume no kno\vn impossibility ; 
for we know ft force whose office is diffusion : and when we 
assume that a gradual contraction has been going on, we 
assume no known impossibility ; for we know a force 
whose continued action is followed by a continued contvac- 

We cannot suppose that this primitive nebulous mattei 
was luminous. Even tbe sun when expanded to the orbit of 
Mercury, was thirty times more rare than hydrogen ; and 
rare gases, such as hydrogen and oxygen, when entering into 
combination, produce no light, or the feeblest of all lights. 
Hence we cannot believe that we now see patches of lumi- 
nous nebulous matter in the far distant space condensing into 
stars. Those apparent nefaul-e must undoubtedly be systems 
of stars too distant to be =!eparately distinguished. 

We cannot suppo'fe th'it matter was originally diffused 
through space by the repulsion of heat ; because heat is a 
well-known effect proiluced }} some action. We can con- 
ceive of no action to produce such an enormous amount 
of heat. And if all space were pervaded by such heat, it 
must have remained. It could not have radiated away ; 
for where could it go? 

But -with the causes of this primitive diffusion and con- 
ti'aetioa we have properly in the remaining ptirt of this 
volame nothing to do. The causes above mentioned are 
merely suggested, to show that our ai=umption of a primi- 
tive diffusion and a gradual contraction, is not absurd or 
unnatural. It is a fail' assumption, and in harmony with 
scientific principles. Our real buaincsi henceforth in this 
volame is, simply with contracting nebulous matter, frum 
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whatever cause ; and I am to show that gi-iivity, acting on 
a contracting nebulous mass, produced all the wonderful 
arrangemeats of tlie solar system. Gravity separated that 
mass into more than a hundred large bodies, and gave them 
their forms and tbeir positions. Gravity imparted their 
swift velocities ia all their complicated motions, and directed 
the shapes and the positions of their orbits. All this is to 
be shown, not by loose conjectures, but by mathematical 
deraonstratioD, and by strict reasoning from well-known 
dynamical laws. In a word, I am to prove that the origia 
of the stars has been from a grajlual condensation of nebu- 
lous matter, and that the eanse of their motions was gravity. 
The course of the proof will be by showing that our solar 
system, in all its peculiarities, is the inevitable and neces- 
sary result of gravity ^ing on such a mass. Tlic only 
exceptions relate to the densities and sizes of these great 
bodies, which, like the light and heat of the stars, must bo 
looked upon as caused by chemical action. 



SEOTIOK" SVII. 

OF ROTATION IN A COKTEACTING HEETILOUS 



If, irom the familiar principle of atomic repulsion, all 
matter were diffused through all space, then, our experience 
leads us to suppose that sneh diffusion would not be per- 
fectly even or uniform. The great gaseous atmosphere of 
our earth is not uniform in its densities; neither is the 
vapor of the water uniform while floating in the air. The 
ocean is not uoiform, for its densities are varied by tempera- 
ture and by saline ingredients. Therefore the supposition 
is natural that tlie original diffusion of matter through all 
space was not equal, but only nearly equal. Then if from 
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any cattae contraction were to ensue, tlie rai'er poilious 
would gather around the denser, and the general diffusion 
would break into separate masses like tbe elouds when the 
vapor in the air is contracting. These masses could not 
he round, for round bodies cannot possibly fiU space. 
They would naturally be angular and luorc or less irregular 
like the clouds ; and like the clouds they would be of vari- 
ous sizes, and lie at irregular distances apart. From these 
irregular shapes, various sizes, and nnsymmetrical dis- 
tances, we now behold how gravity must operate at once 
and ill the same instant to give both rotundity in form 
and rotation in taovement to every separate nebulous 

1. Tbe snialler maases would fall into the larger, and 
even larger masses, wheu near, would fuH into each other. 
But in no case could they ever fall precisely toTvard each 
other's centres of gravity, for the simple reason that any 
two, while approaching togeliicr, would be at the same 
time under the force of gravity, though in a smaller degree 
from other neighboring masses. Hence they must strike 
each oilier obliquely and coalesce into one, and from this 
obliquity of collision a rotation must ensue. Strike a 
suspended ball in the direction of its centre, and it will go 
straight forward ; but strike it obliquely, and it will spin 
aronnd. 

2. If the contraction in the nebula were very slow, 
slower thaa is due to gravity, then gravity would make each 
mass round, the same as it now holds the waters of the 
ocean round. But in producing this roundness of form 
many currents would be necessary on the surface. The 
lofty prominences wotild slide down laterally into the neigh- 
boring depressions, and the number of currents would be 
greater than the number of surface irregulai'ities. Imagine 
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our own globe to ho liquid and nearly cubital in sIilxjio — 
tlicn hoiv very soon would gravity nmlto it roirnd, i\nd 
ivhat mighty enrrcnta on the surface would gravity put in 
motion to produce that globular shape I 

3. These many siw/ace currents on any single nebula 
would be produced not alone by the gravity of the nebula, 
but aho by the aid of gravity from other neighhoring nebv.lce. 
The lofty prominences, irregular projections, perhaps long 
extended arms as we behold ia clouds, would be under the 
influence of otitev nebulse in the vicinity, similar to tidal 
influence and slellar perturbation. Then in sliding down 
laterally into the adjacent depressions, they would be di'awn 
by foreign force to fall not toward the centre of gravity, 
but oUiqudy like two separate nebute when they fall into 
each other and produce rotation. 

In these numerous cases whore two large nebula! fall 
into each other, the current of rotation would pervade the 
entire mass ; though a small nebula falling very obliquely 
into a much larger one might produce a surface current 
only. But even when the eurrenfa were only superficial 
they could not stop, because, on account of the continuom 
contraction of the nebula, they would flow in the direction 
of an iuclined plane. With their horizontal motion thoy 
would have also an inclined motion toward the ccn!rc, and 
gravity would hasten them downward. These many sur- 
face currents would act and react on one another, and at 
last, by the well-known principle of the composition of 
forces, they would result into a single current. This prin- 
ciple is illustrated by drawing the hand rapidly in various 
directions through a basin of water. However many cur- 
rents we make, they all result into one. 

Afler the many currents at the surface of a globe had 
subsided into one, that one would constitute the rotation 
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of the globe. It would now iiave its axis, its polos, and 
its equator. Think of tlie separate particles of matter 
around tlie equatorial zone. As the globe contracts, the 
course of every otip of tlieie could not be tangential ; or, in 
otJier words, could not be at right angies to the radius of 
the globe. They must all slope a little toward the centre 
of the globe, simply because the globe contracis. Going 
ronnd, and at each instant gradiially approaching toward 
the centre, the path of every particle mnst be a spiral, and 
an inclined plane ; a plane spirally inclined from the original 
position of the surface, round and round, no matter bow 
often, until it ends as near the centre of the globe as the 
surface approaches that centre by contraction. Et'flcct 
now on the consequence of this deicent down an inclined 
course. Gravity is all the while acting on every particle 
as it descends, and hastening its speed. Hence the rotating 
surface, as the globe continues to contract, will rotate all 
the time more and more rapidly. We may say that as 
oveiy parlicle marches onward, the ground at every suc- 
ceeding step sinks down, and renders the entire course 
descending. 

Here is an illustration. In the figure, a sector of a 
circle, A and B are equally distant from the ^ 
centre 0, and so are and D. The particle , 
in motion around tlie centre does not proceed 
from A to B, but in consequence of llie con- 
traction of the globe it proceeds from A (o D ; 
that is, its traek is always inclining toward 
the centre, and gravity hurries it on. If only a small ji.ir- 
tion on the suriiice of a contracting fiuid globe be ]iut in 
motion, that portion will hourly increase its velocity unless 
retarded by friction. But by friction the amount of motion 
cannot be lost or lessened. What is lost by one parlicle 
must bo gained by another. And the original impulse 
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miiat ho cvciy moment increased by gravity, becaiifc gi'avi- 
ty impels the moving fluid down iiu inclined-plane dii'eetioii. 
There is no actual iaclined plane. Eyory pai'ticlo of tlie 
equatorial aiirface, for inatanco, reposes on a horizontal 
plane. But in eonsequenee of the horizontal motioa and of 
the contraction of the globe, the matter of the snrface takes 
an inclined-plane course, 

We can tliink of nothing to stop the particles of matter 
in this surface current. If by friction on the uorotatrng 
interior they lose some of Iheir momeatnm, then just so 
much momentum must be imparted to the nest interior 
layer, and this also will acqaire a stronger and stronger 
velocity in the inclined-plane direction, and by friction it 
will again move the nest interior layer, and so on, layer 
after layer will be put in motion, until the pntire globe 
rotates, and its rotation must become every hour moie and 
more rapid as long as it contracts. In this great problem 
the difliculty is not to see bow rotation can take place, b»t 
how it caa bo avoided. Think on [he conditions as ivc 
may, we cannot understand how those nebuloos globes can 
be formed without rotation. Their rotation is plainly as 
natural as the roundness of their shape, and both are un- 
avoidable, both are absolute necessities. But all the great 
giobes of space rotate. The satellites, the planets, the sun, 
which is a fixed star, and also the other fised stars, rotate, 
as we know by the periodic variations of their light. This 
rotation in all the stars wo now see to be the inevitable 
conscqueoco of grarity aeting on a nebulous mass.* 

But rotation produces oblateness. All these gi'eat stars, 
as far as can be ascertained, are more or less oblate. There- 
fore, the oblateoess of the Earth, of Jupiter, of Saturn, and 

• See an elaborate paper hy myaelf in tlie Ptoeeedingg of the AcaiJ- 
emj of Natural Sciences, Philadeipbia, for tlie year 1867, " Oa the Ne- 
cessity of Nebular Rotation." 
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of Other orbs, is (mother ineritable consequence of gravity 
acting on a shrinking nebnlous mass- 
But it may te said tUat oblateness is not produced by 
gravity, which is the centripetal force, hut hy inertia, which 
is the centrifugal force. This has hitherto been the general 
seientjflc opinion, hnt now we have new and more enlarged 
views. Faraday says, with beautiiiil siuiplicity, that " in- 
ertia is always a pure case of the couEervatioa of force." 
A ball in motion is endowed with a certain amoirat of force, 
the force of inertia. But this is precisely the foice given 
by some anterior impulse. This anterior impulae is con- 
served or converted in the form of mertia &o in a rotating 
globe ; the more rapidly it rotates, the greiter js the cen- 
trifugal force, or the force of inertia Therefore its inertia 
arises from the rotation. But the anterior impulse which 
caused the rotation is gravity. Therefore gravity is con- 
served, OP converted, in the form of inertia, and made to 
act antagonistic to itself. Gravity is not only the cen- 
tripetal force, but it also gives origin to the centrifugal 
force. In aU other departmenta of astronomy, even in the 
revolution of one orb around another, we will soon see that 
the centrifugal force always bad its origin in gravity — the 
same as heat may arise from a blow of a hammer, or as, 
we suppose, chemical force may arise from the atomic re- 
pulsive force which once expanded matter through all space, 
and which now appears as light and heat from the sun and 
fixed stare. 

Four classes of facts — ^the round form, rotation, oblatc- 
uess, and centrifugal force among the stars — are now proved 
to be the inevitable consequences of gravity acting on a 
contraeting nebulous mass. Such facts will soon he found 
BO numerous as to leave no doubt about the origin of the 
stars, or (he cause of their motions. 
10* 
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SECTION svin. 

THE VELOCITY or El 



HAViN^i proved the necessity of rotation, the next pro- 
cedure in order ia to demonstrate tie velocity of tliat rota- 
tion. It has beea shown that the path of every particle on the 
surface of a contractiag and rotating nebulous globe inclines 
toward the centre of that globe. As it goes round and 
ronud, it constantly approaches nearer and nearer to that 
centre. The particles therefore move down an inclined 
course, and become subject to the laws of motion down 
snch a course : one of those laws is very simple, and thua 
expressed : A body moving down an inclined plane acquires 
the same velocity as when itfalis 
the height of the plane. A ball 
rolling from ^ to B acquires tlie 
same velocity as when falling 
from A to G. Both in rolling 
down the plane and faliiug per- 
pendicularly, the velocity is con- 
tinually increasing, and it increases by the same law in both 
cases. When the hall has rolled to the points d, e, /, g, h, 
it has the same velocity as when it has fallen to the con-e- 
sponding points d', e', /', g', hf. The times, however, arc 
very diflerent, depending on the inclination of the plane. 
When the plane is inclined infinitely little, the motiou down 
the plane will require a time infinitely longer, although the 
ultimate velociti^ will be identical, 

But it may bo said that a spiral line, the path made by 
a particle on the surface of a contracling and rotating nehu- 
long globe, is not an inclined plane, and therefore cannot 
fulfil the law of motion dovra an inclined plane. To this it 
must be answered, that a true iuchned plane seems per- 
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icctly straight ; but when true theorotically, it must really 
Dot bo a plane, but a curve, mcliaitig in every part of ita 
length with the same angle to tlio surface of the earth. As 
the surface of the earth is not a straight line, hut a curve, 
therefore the inclined plane, to preserve the same angle of 
inclination, must curve correspondingly. To be perfectly 
true and constant in its angle of inclination, a plane nsust 
in reality not be a plane. It mnst be that kind of a curve 
called a spiral. It must resemble a segment in the main- 
spring of a watch partly uncoiled ; one end being at or near 
the centre, and the other at the circumference of a circle. 
This is the theoretical idea of a perfectly true inclined 
plane, although the terms are paradoxical. ■ 

The annesed figure represents the inclined course, down 
which descends every particle of matter in a rotating and 
eonti-aeting nebulous globe. ^ 

The spiral line A B rep- 
resents the length of the 
plane, and the sfraiglit line 
A B represents the beiglit 
of the plane. A particle of 
matter moved by gravity and 
without any friction, 'vvill 
gain the same velocity in 
passing down the spiral as 
dowQ the straight line. The 
timea of the two passages, 
however, will be vastly different, depending on the number 
of coils. 

Hence, if our sun were ever expanded to a point far be- 
yond the orbit of Neptime, then in contracting it must have 
rotated, and every particle of matter on the surface of the 
equatorial zone must have moved down a spiral course coil- 
ing many million times witliin itself, and the velocity which 
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those particles acquired at the orbit of every planet must 
have been the same, fi-ietion excepted, as if they had fallen 
to the orhits of those planets in a straight line from their 
Btartiag-poiuts tonarl the centre of the sun Therefoie in 
order to determme the vel city of rotation of any contrxct 
ing nehnlons globo at any pumt m the couise of its ton 
traction, we may calcul tte the velocity ot a fall fiom the 
starting-point of contnction TLui m the hgure the \e 
locity of rotation, when the niface by contiaction. had ai 
rivod at C, would he equil to that of a lall from Ato C 

Proceeding on this unloubted pielimmaiy truth — tic 
law of the inclined pline — my eom-ae will now be to pro\e 
that when our Ban was in a nebulous condition, the pjwcr 
of gravity must have given it a velouty of rotation »t its 
equatorial zone, when it the oihits of the several plinett 
just equal to the present velocities of these planets o pe 
ciaUy when taking into account a necessary relorlation by 
friction, which was almost infimtesimally small I i\ 11 
next show the absolute necesiitj ind the amount of this re 
tardatioH by friction And then I will show that gi a ity 
separated the several plmets fiom thit quit rnl zoqc of 
the sun under anch velocities and moulded them m Ihui 
present spheroidal forms 

First, then, lam to ohoiv the \ docitics ot lotilitn ot the 
Sim at the orbits of the several planets ; or, what is the same, 
the velocities o£ the falls toward the sun at these orbits. 
The velocities of tlicse falls mxist depend on two things ; 
the disiancoa of the falls, and the amount of the force of 
gravity in each one. Gravity varies its power. It de- 
creases at different distances from the sun by a well-known 
law ; the iimount of force being inversely as the squares of 
the distances. A mass of matter which would be attracted 
with the force or weight of 409,000,000 pounds at the sun's 
surface, would be attracted with the force of 902 pounds at 
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the earth's orbit, and of only one pouiitl at the orljit of 
Neptune. It would be attracted with only the one hun- 
dredth part of an ounce at forty times the distance of Nep- 
tune. Hence, each of these falls to the orbits of the several 
planets has not only different distances but different mo- 
tive powers. Hence also we need not begin our caleu- 
lutioiia at any definite point far oat in space where we may 
suppose the falls began, because gravity was so exceedingly 
feeble at such distances as forty times, or a thousand times 
the distance of Neptune, We may practically omit such 
small quantities, and assume at Neptune's orbit all the 
velocity which a body possibly could acquire, when it has 
arrived at that point from infinite distance in its fall toward 
the sun, 

The general reader may not wish to go through the 
details of the mathematical calculations by which are ob- 
tained the velocities of the falls to the orbits of the several 
planets. They are therefore put in the Appendix I. at the 
end of this volume, and special pains have been taken to 
render them so plain as to be easily understood by persons 
of very moderate mathematical acquirements. And now 
the momentous question arises, with all the interest that 
can be awakened by the creation of the universe, what 
must be the velocities of these falls to the orbits of the sev- 
eral planets? Is the force of gravity toward our san, far 
away beyond the solar system, sufficiently powerful to give 
a velocity to a falling body equal to tlie velocity of Nep- 
tune, when it would arrive at the orbit of Neptune ? Would 
its velocity be equal to that of our earth, 68,000 miles per 
hour, at the earth's orbit? Would it equal Mercury's ve- 
locity, 110,000 miles per hour, at that planet's orbit? 
These are great questions, and after due carefulness, in 
compatatjon the answers are found that the velocities of 
these falls precisely equal the velocities of the several 
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planets, when just allowance Is made for a small retarda 
tioa by friction, which the equatorial zone of the sun suf- 
fered in its descent down the inclined plane. As the plan- 
ets were formed from that zone, they had the same amount 
of retardation. An exhibition of the results of this com- 
pntal'oa i" f'ven in the following table. The first column 
si w th 1 ulated velocities of the planets ; the second 

Ian n 1 the subtraction to he taken from the first 

olnn n n a ount of retardation hy friction ; this subtra«- 
t n ■«h n p 'formed, gives the third column, wliich coin- 

I I !j with the present actual velocities of the 

planets. All these velofjties ^le expres-SLd in miles ml 
decimals of a mile pei second Thus the velocifj ot Ui inua 
is four miles and thice hundii, 1 aad •^i\.U nine thou._dndihH 
of a mile per second The fouith ruhimn ho v& th re- 
tardation iu the loim of pcru,nttgt 
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Before proceeding to the exposlfion of the cause and 
the mode of ascertaining the amount, of retardation by fric- 
tion, it is proper here, in presence of the above table, to 
say, that where the nebnloua sun was most dense, between 
the orbits of Yenus and Mercory, the retardation was only 
(rae per cent, through a conti-adian of 9,000,000 in dif.m- 
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ef er. Behi prn tlie orbits of Neptune and TJrimus, where 
the nebulous sua ti as most rare, the retardation was only 
one per cent, through a contraction of 250,000,000 miles 
in diametpr ! That is, in proceeding down an inclined 
piano 125,000,000 mile? in height, the loss hy friction was 
only one per cent. ! So very near is the coincidence be- 
tween the present actual velocities of the planets and their 
velocities due by the foico of gravity ! 

A clearer idea of the small loss of velocity by friction 
is obtained not by viewiag the heights bnt the lengths of 
tho planes. Their lengths were to their heights iJonbtless 
as many thousands to one ; but assuming the difference as 
only one hundred to one, then the loss by friction of the ve- 
locity due to gravity must have been, between the orbits of 
Venus and Mercury, one per cent, down a plane 450,000,- 
000 miles in length ; and, between the orbits of Neptune 
.ind Uranus, one per cent, down a plane 12,500,000,000 
miles in Icuglli. 



SEOTIOH" XIX. 

THE r.liTAi;DAT10S FKOM FEICTION, -SUEl-ACE EOTATIOX 

I i-EOMisED in the last section to show the absolute na- 
cessity and the amount of retardation by friction. This 
can now easily and clearly be done. 

A nebnlous globe perfectly round and perfectly homo- 
geneous, and undisturbed from without, could not acquire a 
rotary motion by contraction. However slowly or how- 
ever rapidly it might contract, each particle would move in 
a radial line toward the centre. We can tliink of nothing 
to turn any particle out of such a lino. But if a globe were 
not perfectly homogeneous, or if its rotundity were disturbed 
by perturbations from without, then the case would be dif- 



Hcssdb, Google 



332 SURFACE EOTATION AMD FlilOTlON, 

fcrent. Tlien the particles in tlic process of contraction 
would be turned away from the radial linea ; and having 
onee begun an ohlique motion toward the centre, their ro- 
tating coarse would hegin and accelerate. 

But the shapes of the primitive bodies, the nebulous 
masses in the beginning, could not have been round ; for, 
as already mentioned, round bodies cannot possibly fill 
apace. In harmony with the laws that govern matter, the 
separate uehuloua masses must have been irregular in 
shape, some more and some less. Gravity would soon 
operate to make them round. It would be on their sur- 
faces that this operation for producing rotundity would take 
place. The prominences at the surface would bo prevented 
by atomic repulsion from taking the direct course to the 
centre in obedience to gravity. Therefore those promi- 
nences would slide down laterally, by the force of gravity, 
iuto the neighboring depressions. Every such sliding down 
v/ould produce a current. The number of these several 
currenfa would at least equal the number of prominencea, 
and these would be numerous. But in a fluid of definite 
size and shape, all these currents would act and react 
agaiost one another, and by the composition of forces they 
would result into one. As these several currents would be 
originated chiefly to level down the prominencea and to fill 
up the depressions on the surface, so they would be confined 
to the surface. Their depths would depend on the heights of 
the elevations and the depths of the depressions. When all 
the currenfa had coalesced into one, the depth of that one 
could not considerably exceed that of the several primitive 
currents. This single resulting current would constitute 
the rotation of the new-bom globe, and the rotation would 
be only on the surface. For in all this we see nothing to 
disturb the interior, or fo tu.rn away its particles from their 
motion in radial linea, until they are moved by friction wilb 
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tho rotating suifaco. That friction would retard the surface. 
The amount of this retardation would depend on tlie quan- 
tity of matter ia the moving SBrfac«, compared with the 
quantity of matter to he moved by that surface. If ilio 
masa of the moving surface were veiy light compared witli 
the mass of tho inert inteiior, then the retardation would 
he very great. 

In a oontracting nebulous globe we knov^ of no reason why 
any one portion should contract more rapidly than another. 
Every part we must suppose to contract equally ; and lience 
while the surface is contracting and settling toward the 
interior, that interior is contracting and settling ia radial 
lines toward the centre. Ia the begimiing of this process 
of contraction, therefore, the rotating surface would come 
comparatively little in contact with the great mass of tho 
interior, because that interior would be settling away from 
it, and condensing around the centre. Hence in the begin- 
ning, when the nebulous matter was more rare, the retar- 
dation from friction would not be so great as when toward 
the last the rotating surface came in contact with the whole 
of the condensed interior in the neighborhood of the eeatre. 
Hence in our solar system, we must & priori look for a 
greater and greater amount of retardation at each succeed- 
ing planet, beginning with the outermost ; and on the pres- 
ent surface of the sun we must look for by far the greatest 
retardation of all. The orbit of Mercury is 66,000,000 miles 
in diameter, and within that wide space the larger portion 
of the matter of the sun bad settled befoixi its rotation begun, 
and therefore tho retardation of the surface of the sun as it 
now rotates, is enormous compared with the retardation 
of the planets. Let us now examine the retardation of the 
several planets, and see whether they follow the anticipated 
law of being more and more retarded as they are nearer 
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Columa two, taken from the former table, represents 
the percentages of retardation in all the planets. The aste- 
roids are omitted, for obvious reasons; and the laige per- 
centage opposite Mars represents all tlie retard itiona of all 
the asteroids as well as that of Mars ; (hat is, all the retar- 
dation that occurred in the contraction fiom the orhit of 
Jupiter to that of Mars. The large pticentage 0]iposite 
Neptune hiirmoaizes heantifullj- with the whole theory of 
retardation, as will soon be pointed oat ; but, in the mean 
time, the percentage of this planet will not be meluded in 
the general remarks bow to be made. With these qnalifi- 
cationi, and especiiiUy when looking at a preceding table 
containing two of the asteroids, it is noteworthy that the 
retardation numbers in oolnmn two arc confiacd within 
narrow limits, ranging from 11 for Saturn down to 5.6 for 
Venus. But in this column of percentages, at first view 
we see no indications that the law of retardation is a regular 
increase as anticipated d priori, from the outermost to the 
innermost planet. On the contrary, the reverse seems rather 
the case. This, however, is only from a first and superficial 
inspection. The real amount of retardation suffered by any 
planet must be estimated by the distance through which 
contraction has been going on since the formation of the 
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next outer planet, or, ia other words, by the distanue it has 
travelled down its inelined plane. If the equatorial zone 
of the nebulous sun has been retarded ten per cent, in a 
contraction of 1,000,000,000 of miles, this is equal to a re- 
fardaiion of one per cent, in a contraction of 100,000,000 
of miles. This idea mast be clearly understood before pro- 
ceeding further. "We will then see that the outer planets 
with the, same percentage nnmbers, have really suffered 
lessMtardatiou tJnan the inner planets, because the retarda- 
tions of these oater planets were taking place through Longer 
distances of travel down their inclined planes. Column 
tliree represents the inferplanetaiy spaces, their distances 
iVom the sua being calculated on the basis of 92,000,000 
miles for tlie earth's distance. These interplanetary spaces 
represent the distances of contraction tliroiigh which the 
retardations of tlie several planets were accumulated. For 
instance, during the contraction of the nebulous sun of 
1,000,000,000 miles in radius, the velocity of Uranus was 
retarded eight per cent. ; and during a contraction of 25,500,- 
000 miles, Venus was retarded 5.6 per cent. In these two 
cases Venus suffered a retardation twenty-seven times the 
greater. To find the relative amounts of retardation, there- 
fore, we must divide the interplanetary space outside of each 
planet by its own percentage of retardation : in this way 
we obtain the colunm fom-, and this shows how many miles 
tliG original nebulous sua contracted in radius in suffering 
a retardation on its equatorial zone of one per cent. Hero 
we arrive at our desired result ; for this column four shoivs 
the increase in amount of retardation from one planet to 
another, beginning with Uranus and ending with Mercury. 
We see how it agi'eos with our a priori anticipations. Dui-- 
ing the contraction from Hoptune to Uranus, the retai-da- 
tion averages only one per cent, for every 125,000,000 
iitiles in radius; and during the contraction from Venus to 
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Mercury, the retardation averages one per cent, for every 
4,i5SI,000 miles in radius. Tliia latter is tlie greatest of 
all the retardations ; nevertheless, in diameter of contraction 
it is only one per cent, for every 9,000,000 milea ! This is 
truly an insignificantly small retardation, and warrants u3 
in saying that the coincidence between the actual and the 
calculated velocities of the planets proves gravity to he the 
cause of their velocities. Between Neptune and Uranus 
the retardation was only one per cent, on an average, for 
every 250,000,000 miles of eontra^^tion in diameter ! And 
the regular increase in amount of this retardation from 
planet to planet, according to a priori expectation, adds 
still greater firmness to onr conclusion respecting gi-avity 
as the cause of these several planetary velocities. 

The comparative amounts of retardation suffered by 
each planet are best shown by column five. The numbers in 
tliat column are obtained by dividing the number in column 
four opposite Uranus, by the numbers in the same column 
opposite the other planets. These quotients show how many 
times greater th.e retardation was in those planets than in 
Uranus. Thus the retardation between Jupiter and Saturn 
averaged three times as much as that between Uranus and 
Neptune. The small fractions have been omitted in column 
five, as is often done in astronomy, and, with these omis- 
sions, it is remarkable that the numbers have all a simple 
relation to three, except the last opposite Mercury. Agaio, 
it is remarkable, that if we multiply the number opposite 
Uranus by three, we obtain the number for Jupiter, passing 
over Saturn ; and in multiplying the number for Jupiter by 
three, we obtain the number for Mars, passing over the as- 
teroids ; and in multiplying the number for Mars by three, we 
obtain the number for Venus, passing over the Earth. There 
must have been a physical cause for tliis cni-ious progression 
in the rate of retardation. It must have been caused by the 
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increasing nie n h h the rire an! light rotatiug exterior 
came in contact i ith the dcBso mert, unrotating interior, 
and thus flie fnction was lugmcnteil 

But it may h& ol)je ted that we are unable to form an 
estimate of what the friction should really be in the nebu- 
lous masses that th lefore the !o s of velocity by friction 
cannot be calculated by itbeif in lependently ; and that in 
these reasoninos its ■imount la merely inferred from the 
difference between the ictual and the calculated Tclocities 
of the planets To this it miy be answered ; lat. This is 
tme of friclion in ill other cise? even in ordinary mechaaiea. 
Its amount is always inferred from a comparison between 
a force and its net effects, precisely as here. 2d. Other 
disturbing forces are taken into aceoimt in astronomy, and 
due allowances made for them, even when they are not 
numerically calculable. For instance, the satellites of Ju- 
piter do not fulfil Kepler's third law. The squares of their 
times, divided by the cubes of their distances, should give 
the same quotient for all these satellites. But the actual 
quotients are 8.6, 8.2, 8.1, 8,1. Hera is a discrepancy of 
six per cent., or .OC. This, however, does not shake our 
faith in Kepler's third law, because the diserepaucy is 
plainly due to the oblateness of Jupiter, although the m3n- 
ence of that oblateness has never been calculated. Some- 
times in astronomy there are discrepancies whose causes 
are not only not calculable, but even not known ; still they 
have no influence iu preventing lielief. At all the outer 
planets, beginning with Jupiter, there was, until two 
years ago, a considerable difference between the calculated 
amounts of the centripetal and centrifugal forces. That 
has just now been removed by the new determination of the 
earth's distance from the sun ; making the earth 3,000,000 
nearer, and Neptune 90,000,000 miles nearer the sun. 
From the greatness of this error every one may fortn a 



Hcssdb, Google 



238 KETAEDATION 01" ITEFICNE, 

judgment of the considnrable discrepancy formerly botwecD 
those two forces at the outer planets ; especially since a 
cliange of distance increases the one force and diminishes 
the other, by the square of that distance. But it had no 
influence toward destroying belief in gravity as the cen- 
tripetal force, for astronomers were sure there must be an 
error somewhere. Such discrepancies are gross compared 
with the mfiniteaimally small one in the case of Uranus, 
whose loss of velocity by friction is only the ^j7r(iT5TjTni7 
of one per cent. , in a contraction of the nebulous son of one 
mile in diameter. Small as this diseropaney is, we can 
show its cause. Therefore I do not know why we should 
hesitate to announce that there is a perfect coincidence be- 
tween the actual velocities of the planets and their calcu- 
lated velocities as produced by gravity. 

"VVe are now prepared to understand the apparently 
large percentage opposite Nepttine in the table. That large 
mimbor speaks not of the greatness of retardation out there, 
but of the vast distance through which the nebulous sun 
contracted to produce that amount. When we come to 
calculate the sizes of the planets in their former nebulous 
condition, we will see that Jupiter contracted one hundred 
times the distance between his centre and his outer satellite, 
before producing that satellite. If the sun contracted pro- 
portionally far before producing Neptune, then the rate of 
retardation experienced by Neptune must have been one 
per cent, for many thousand millions of miles ; that is, ex- 
ceedingly leas than was suffered by any other planet. 

This and the previous section is further illustrated in 
Appendix II. 
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SEOTIOK XX. 



Having ebown how gravity causes rotation in a eoii- 
tracting nebulous mass ; having given the process to calcu- 
late, from time to firao, the several itiereasing velocities of 
that rotation ; and having pointed out how that rotation 
becomes retarded by a necessary friction, we nest proceed 
to prove that a nebulous sun, by the continued action of 
gravity, may bo separated into many smaller parts, and 
may thus he surrounded by a halo of a hundred attendants. 

I have already proved that oblateness iu a contracting 
nebulona globe is caused by inertia, and that this inertia is 
a clear case of the conserTation of the force of gravity. The 
longer gravity applies itself to any particle of matter free 
to mo?e, the more will its own force be converted into the 
force of inertia. Therefore, whatever is done by inertia — 
the eentrifiigal force — is done by gravity conserved. 

The stn,ngth of this centiifiigal foice in any iitatm., 
globe and at any ^vcn distance from the centre dejcnj^) 
on tl e velocity oi rotilion It is a matter ot eisy mitl o 
matical demon'tratioa to =ihowthit I y a fall oi bj a de- 
scent down an mclini,d coarse aielocitj ofrotati n niaj be 
imparted by gravity moie than sufiitient to prod icc a ccn 
tnfigil equ<il to the centnjetal iorce But by i n-ituial 
letaidahoa liom friction avelocit} of rotation is «ecaii 1 
atlhesevcial planet ■^ry orbits no moie thin jifiieent to 
equalize the ccntiifiigal and centripLtal fbict.& In consc 
quence oi this equabzafion of these two forces the mattci 
on the equatoii 1 zone of the nebulous sua would be held 
m eqiil balance It could neithei approach tow aid the 
centre nti fly oil mat ngent ftnm tl it c ntri It j 
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continue the same distance from the centre, and revolve in 
an eternal orhit. As the globe cootinned its contracfion, it 
woald, therefore, separate from the matter on its outer 
equatorial zone, and that zone would circulate with lis 
ftceustomed velocity as a separate body, a ring around tlie 
great central mass- 
It is important to observe that saeh a ring would sepa 
rate only from the equator of the nehulous globe — a nar- 
row belt, say of five degrees on each side of the equator. 
This would happen because that zone is farther frooa the 
axis of rotation, and therefore, compared with all other lat- 
itudes, its centrifugal force would be the greatest, and its 
centripetal the least. While these two forces wonld he 
equal at the equator, they could not be equal in any other 
part of the globe. In all other latitudes the centripetal 
force wonld he the stronger of the two, and no material 
could separate. The distance of the eqnatorial zone from 
the axis of rotation, when compared with all other latitudes, 
would be especially great on accoant of the extreme oblate- 
ness of the swiftly rotating nebulous globe. From the ex- 
treme rarity of the sun when expaaded to the orbits of the 
planets, and from its rapid rotation, the oblat«ness was such 
that the equatorial was ahout double the polar diameter. 
This oblateness must have given a sharp edge to the globe 
at the equator. It is easy to see how that sharp edge — a 
very narrow belt on the equator — must have first been bal- 
anced between the two forces, the centripetal and the cen- 
trifugal, and rendered stationary, neither flying off like a 
stone from a sling, nor approaching any nearer to the 
centre. 

When any portion at the equator was separated as a 
distinct ring in consequence of the departure by contraction 
of tiie central globe, then other portions must soon tavo 
occupied its place, always completing the same oblateness. 
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and "the same sharp edge on the equator. Then another 
ring wou]i3 be formed, and ia this manner successive rings 
would he separated. 

Let us now trace the fnture history of these rings. Far 
away at the orhit of Neptune, the force of gravity toward 
the sua is very feeble. There is also at the same point a 
force of gravity, though still feebler by far, toward certain 
fixed stars. This latter force would act on the ring, the 
same as Neptune acted on Uranus, and led to bis own dis- 
covery. This action toward the fised stars, hciog greater 
in some parts of the ring than in others, would hreai the 
ring. Moreover, as we suppose chemical action was boil- 
ing and raging in the great nebulous mass, the same as it 
now renders the sun the most unquiet of all known places, 
we cannot conceive how the ring could be perfectly even in 
form. Its thicker portion, by the force of gravity, would 
cause a fissure in the ring. When, from either or from 
both of these causes, a fissure had occurred, then, from the 
continued action of gravity, that fissure would widen. It 
would continue to widen until at length all the matter of the 
ring would be collected in one nebulous mass, and this new 
mass would become round and rotate from the same force 
which rounded and rotated the original mass. Here would 
revolve a rotating nebulous planet around the central neb- 
ulous sun, and this planet would hy gravity break the next 
interior ring. Here, again, would revolve and rotate a 
second planet ; and this would in turn break the next in- 
terior ring ; and so the process would go on, until all the 
rings were broken, and as many planets, with the same 
velocities as the rings, would revolve around the central 
sun. Here we behold the origin of the planets and of plan- 
etary motion. Evidently the cause of their motion was 
gravity, and they were separated from the central sim hy 
gravity conserved as inertia or centrifugal force. By 
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gravity also they were roundeil, rotated, and again, by 
gravity conserved, they were made otlate. 

The planetary orbits are nearly circles, because the 
materials of the planets moved in circles whea they formed 
part of the equatorial zone of the snn. 

There is an exact balance between the centripetal and 
centrifugal forces ; and this was adjusted by the gradual 
acceleration of the materials of the rings down the inclined 
planes. When the velocity of the matter oa the equatorial 
zone with its centrifagal force became great enough to 
equal gravity, then that matter ceased approaching the 
centre, and remained poised in equal balance. 

The planets all move nearly in the same plane and in 
tlie same direction, because they were derived from the 
same globe, which always rotated in the same direction, 
and with its equator in nearly tlie same plane. 

The planets now move in the same direction as the 
sun rotates, because there has been no change in either the 
sun or the planets ; gravity having originally impelled the 
materials of them all in the same direction when they were 
an undivided mass. 

Theplanefsmovenearlyin the plane of the sun's equator, 
because the sun's equator has remained nearly in the same 
position. They have very different velocities, because they 
were separated from the sun's equator when, at their 
several orbifs, that equator had very different velocities. 

In a former section we saw how rotation, oblateness, 
rotundity of form, and centrifugal force as it exists among 
the stars, are inevitable consequences of gravity acting on a 
contracting nebulous mass. We have now seen other 
inevitable consequences of such action. We have seen 
that at first the rotation of a nebulous globe is wholly on 
the surface ; that the velocity of this surfkce rotation must 
bo a little retarded by friction on the unrolatiiig iulorioi-; 
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that !u a nebulous globe whose mass is equal to that of our 
sun, the force of {^avity is powerful enough to impart a 
velocity of rotation equal fo that of tbe several planets 
when its surface was at their orbits, and also enough in 
addition to overcome the small amount of necessary fric- 
tion. The inevitable consequence of these velocities of ro- 
tation was fo separate equatorial rings whoso centripetal 
and centrifugal forces were equal, and which therefore 
could approach no nearer the centre of the sun. These 
rings by the force of gravity must break and he foi'med 
into planets having the same velocities, the same orbits, 
and the same directions of motion which the planets now 
have. All these are necessary consequences of gravity 
acbing on a condensing nebulous mass, and they show with 
absolute certainty that gravity was the cause of the motions 
of the planets in their orbits. Gravity is the agency in f lie 
hand of Omnipotence that sent our earth through space 
with a velocity of 68,000 miles an hour. 



SECTION XSI. 

TilE SATELLITES. 

We have seen how a, great contracting nebulous mass 
must become a globe, must rotate, and produce rings. 
Wo have seen how these rings must break, must con- 
tract into rotating planetary globes, and revolve around the 
central globe. For the same reasons these planetary 
globes, if large enough, must also produce rings ; and these 
secondary rings must break, contract into globes, and re- 
volve as satellites around the planets, thus forming planet- 
ary systems. We now apply the inclined plane theorem to 
these planetary systems. Wc may determine how large were 
these nebulous planetary globes. We may see whether they 
werelargeeuough to produce rings; and if so, we mayde* 
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c jde exactly ■wEat would be the velocitea of the rings, and coii- 
Boqucntly the velocities of their resalting satellites around the 
planets. Would their velocities be equal to the actual Yeloci- 
ties of the many satellites ? For instance, could the velocity 
of the inner satellite of Jupiter, 38,000 miles per hour, bo 
produced by Ihe gravity of Jupiter in bringing the matter of 
that satclhte down an inclined course ? What mast have been 
the size of the nebulous mass whose condcnsatioD formed 
our earth? Did it extend very far beyond the orbit of the 
mooa, and could its equatorial zone, in the course of con- 
traction and rotation, acquire the velocity of tiie moon 
when it had contracted as far as the orbit of the moon ? 

The sizes of the plaiiets when in their nebulous conili- 
tloas may be determined in this way : We may calculate 
how dense the sun must have been when it was expanded 
as far as the orbits of the several planets. Then it is plain 
that at these several distances the rings forming the planets 
mnst have been many hundred times less dense than the 
average densities of the sun ; the same as the atmosphere 
of our earth is much less dense up at the surface than down 
here. But after all their contraction during their condition 
as rings, and during their aggregation into globes, we may 
assume as a moderate estimate that when their rotation 
began, they were Gfteeu times less dense than the average 
density of the sua when expanded to tlieir orbits. As the 
next step, we must take the masses of the several planets 
and calculate how laegb each one must have been whc3 
expanded to these densities ; that is, fifteen times less dense 
than the average of the sun when enlarged to their orbits. 

The following table shows the results of these calcula- 
tions. The first column gives the average density of the 
sun when its surface was at the orbits of the several 
planets. The second column gives tlie densities of the 
planets assumed to be at first fifteen times less dense than 
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the 9un. The third column shows the diamefers of the 
nebulous planets. Hydrogen is used as the term of com- 
parison for densities ; thus the sua at the orbit of Mercury 
was thirty times less dense than hydrogen, and Meruuiy 
was four huudred and fiity times loss dense Uian that lightest 
of gases. The diameters of the planets are in miles. 
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[lense than bydrogeu 
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Earth 


30 
195 

448'eOO 
3,ft60 000 
14,000000 


450 

2,93B 

7,780 

27,410 

1,093,000 

6,732,000 

64 740000 

210b00000 


974,400 
4,428,000 
6,383,000 


J"P'ter 

Saturn 

Uranus 

Neptune 


281,200,000 
284,600,000 
296 400 000 
604 800 000 



In looking over these column' of the densities of the snn 
and of the planets, we aie astomihed it these ancient con- 
ditions of matter, and we learn some valuable le^isons 
Wo arc here presented with a connecting hnk between the 
two wide extremes ot matter , matter m one conditicn as 
solids, liquids, and gis(.«, and in laother condition is those 
ethers whose vibiations produce light, heat, magncUsra, 
gravity, and chemical action The vibrations of light are 
458,000,000,000,000 in i second, and they travel at the 
rate of nearly 200,000 miles m a second. What an incoaceiv 
ably rare substance must it be ! But is it more rare than 
the sun when expanded to the orbit of Neptune ? According 
to the nebular theory, the sun was originally expanded a few 
thousand times farther than the orbit of that planet ; but 
when enlarged only one thousand times farther ; it was forty- 
five thousand billion (45,000,000,000,000) times less dense 
than hydrogen. These numbers may appear extravagant, 
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in X a a an th u many otlior niiTn- 
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I h ly b tr coma that, as far as 

tip h m 'otnposing the solar 

y tem Vi h hers formiDg light, 

h m Ti hi action. Therefore 

ahdg h bil h o our knowledge of 

" the physical constitution of matter," we have this. Just 
as in geology we trace the forms of plants and of animals, 
back little by little to a former very simple condition, so 
we trace back the matter of onr globe little by little to a 
very ancient and simple state ; not only inconceivably rare, 
but, as has already been shown, without the present mod- 
ifications which we call the simple chemical elements. 
Just as geology presents us with connecting links between 
very different animal and vegetable forms now living, so 
the nebular theory presents us with a form of matter which, 
in point of extreme rarity at least, is as nearly as we can 
conceive a connecting link between hydrogen and the ether 
whose pulsations form light. Here is an unexpected illus- 
tration of the saying, Ifafura nonfaeii suUvm. 

. In looking over the column in the table, expressing the 
original diameters of the nebulous planets, wo see a re- 
markable difference between the first four and the Isist four. 
This, as we shall soon see, unlocks the mystery why the 
four exterior planets have all the satellites but one, and 
why of the four interior planets, the earth alone has a satel- 
lite : Mars, Venus, and Mercury, were so small, that gravity 
had not the power to produce rings and satellites. On the 
surfaces of the four larger of these great globes, gravity 
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was Ko very feeble, that we may neglect its precise amounts 
at those points in calcalating their velocities of rotation, 
and coneeqiietitly the velocities of their satellites. The in- 
clined planes down ivhich the matter of their eqnatorial 
zones descended, may bo regarded as coming from infiaite 
space. This is not the case with the four smaller nehulons 
planets. Grravity was considerable oa their aui'faces, and 
in calculating their velocities of rotation, and consequently 
their capabiliiJes of having rings and satellites, their in- 
clined places must be taten as coming only from their orig- 
inal nebulous surfaces, providing we locate those surfaces 
by the densities in the table ; that is, fifteen times less 
dense than the sun when expanded to their orbits. If their 
inclined planes were calculated as extending out to infinite 
space, a much greater velocity would be assigned lo their 
rotations, and consequently to our moon, than is their due. 
Having now approsimateiy determined the heights of the 
inclined planes of the planets in the beginning, and knovviog 
their masses, or the motive powers on those planes, we are 
prepared to calculate their velocities of rotation. In so do- 
ing, we find that some of them must have had velocities great 
enough to produce rings, and thattlioaeringsandtheir result- 
ing satellites must have had the same velocities as the pres- 
ent velocities of the several satellites, allowing only a mod- 
erate loss of velocity by friction. That friction, as already 
shown, was an absolutely necessary element in the formation 
ofall great globes of space. The following table exhibits the 
actual and the calculated velocities of all tlic satellites. The 
calculated velocities of ail except our moon, are found in tlie 
same way as those of the planets. That of onr moon is found 
by the formula 2f — M, also already employed for the planets, 
and explained in Appendix I,, in which M represents the 
velocity of a fall frora infinite space to the earth's original 
nebulous surface, and iVthe velocity from infinite space to the 
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moon's orbit. Only two satellites of Uranus arc given, 
because the others are so imperfectly known. The first is 
the column of actual velocities, the second of the calculated 
velocities, and the third of the retardation by friction. The 
velocities are in miles and decimals of a mile per second, 
except our moon's, which, ou account of its slowness, is in 
miles per minute. The fourth column, for Saturn and Ju- 
piter, shows the percentages of loss in velocity by retarda- 
tion. The fifth column, for those two planets, shows how 
many miles they contracted in radius froai time to time for 
a loss in velocity of one per cent. This fifth column was 
obtained in the some way as the fourth column in the cor- 
responding table respecting the retardations of the planets. 
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The columns for liie satellites of Saturn auj Jupiter, 
which show the losa of velocity as due to gravity of one 
per cent., during certain distances of contraction in radius, 
follow the law of retardation formerly described in the neb- 
ulous sun. In approaching the denser regions toward the 
centre, the retardation becomes greater and greater. The 
retardations of 21.7 per cent, and 34 per cent, for the two 
exterior satellites, seem very large, as in the instance of the 
exterior planet Neptune. But they are in reality the small- 
est of all. They were the entire amounts accumulated from 
the beginnings of contraction when the nebulous planets 
weire very large, as given in a former tahle. They amouut 
on an average to only one per cent, for every distance of 
8,600,000 mUes in radius in one case, and 6,400,000 in 
the other. 

There is an apparent eonti'ast, however, between the 
amounts of retardation suffered by the satellites on one 
hand, and the planets on the other. The satellites lose one 
per cent, of their velocity, due to gravity, in a much smaller 
numher of miles. Hence their retardation seems greater. 
But in reality it is much less. A mile, as a unit of measure, 
cannot be applied alike in both cases, A mile for the feeble 
gravity of the planets is a much greater quantity than a 
mile for the powerful gravity of the sun. Hence, to form 
a comparison, we must apportion the measure in distance 
to the masses of the bodies compared. 

We may here pauie for a moment and contemplate again 
some more inevitable consequences of gravity, acting on a 
contracting nebulous mas'*. Here are eight nebulons planets, 
and all are rotating as gravity should make them rotate. 
The velocities of their rotation', when a slight abatement 
is made for necessary friction, comeide at their different 
sizes with the velocities of their satellites! Therefore, at 
the orbits of these satellites, the centrifugal and centripetal 
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fcicc were eqiil, and equatorial rings must ha^i„ been 
separated frcm these nebulous planets to form ^^teUites 
The origination of these 'atcUitia tht,refore, are so many 
more inevitable consequences of the icti n of gravity 
This fact stands out in moit conspicucua piommcace when 
we see that thi ^mallei plineti hdie no sxtellites and thai 
our eirtli his only one Mais Vcuus, and Mercury, by 
reason of their diminative sizes and misses hid nit m 
clined planes lu^h enough, nor i force of gravity ■working 
on these planes strong enough after fneiion was overcome 
to acquire a velocity that would separate equatorial rmgs. 
The earth is the largest of the four interior planets, and 
barely reached the volume and the mass to have a satellite, 
and hence it has only one. Here are several striking and 
unexpected coincidences between the action of gravity and 
very different facts. It is clear that by the action of gravity 
all the satellites have been separated from their parent 
masses the planets, the same as the planets themselves were 
separated from the sun. 

What a wonderful piece of mechanism do we here be- 
hold ! Counting planets, asteroids, and satellites, there are 
in the system more than a hundred round bodies. They 
all have two motions, and some of them three. They move 
with inconceivable velocities. They revolve around one 
another in a most intricate and in an eternal dance. And 
yet the whole can bo accounted for by a single principle — 
the action of gravity on a conti-aeting nebulous mass ! The 
origination of the solar system is like a lock of the most 
intricate mechanism, and gravity ia the single and only key 
to fit that lock ! A key which fits and works a lock so 
complicated, must be the true one. 

One obvious peculiarity of this mechanism is, that all 
the rotations and revolutiooa are ia the same plane, and in 
the same direction — from west to east. This, as well as 
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the peculiar velocities of the several orbs, and their nccca- 
sary derivation or separation from one another, are so 
clearly coinciclent -with the action of gravity, as to be truly 
admirable. The minor deviations from the same plane, 
and the inclinations of the axes of rotation to the orbital 
planes, and the anomalies of Uranus, can all be easily ac- 
counted for. 

The reason why Neptune appears to us as yet to have but 
one satellite is, doubtless, on account of his vaj?t clisiancc. 
Hia distance is more than three times that of Saturn, whose 
last satellite was only recently discovered, and cearly twice 
that of TJrauus, all of whose satellites have been seen by 
very few observers, perhaps by only oce. 

Hitherto we have attended only to the grand outlines 
of the solar system, and we have traced them as inevitable 
consequences of gravity acting on a given body. We will 
next examine tlie minor details of that system. 



SECTION XXII. 

WHY THE EQUATOEIil. TELOCITY OF THE SUN IS LESS THAN 
THE CUBITAL VELOCITIES OP THE PLABETS ; AND WHY THE 
EQUATOEIAL TELUCITIES OF THE PLAMEIS AliB LESS TIIAS 
OEBITAL VELOCITIES OF THE SATELLlTEa 

Among (he points of resemblance between the general 
solar and the special planetary systems, there is one very 
curious, in which they all seem to oppose the nebular the- 
ory. After a rotating nebulous globe has given off its last 
ring, and while it keeps on contracting, its velocity of rota- 
tion, urged on by the power of gravity, should increase ; 
and therefore its equatorial velocity should bo greater than 
the orbital velocity of the last ring and its resulting globe. 
But this is not the case with the sun in its genera!, nor 
vrith the planets in their special systems,' as the following 
table shows : 
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The third column shows the proportion I ctwcon the 
actual and the calculated velocities: lliua tlie t,q«j.toiial 
velocity of the sun is 305 times less rapid than it should 
be by the force of gravity. The earth's equatorial velocity 
is twenty-four timea less rapid tlian.is demanded by its in- 
clined plane, and its power on that plan and sinuliily, 
according to the third column, stand the casta of tiie other 
planets. The explanation of this apparent contradiction to 
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the nebular theory greatly strengtbens that theory. We 
have already seen how all the planets and all the satellites 
have been retarded in their orhital motions, and we have 
seen how that retardation was caused by friction. Re- 
tardation from friction has again been the cause of the slow 
equatorial motions of the sua and the planets. But why in 
these equatorial motions has the friction and the consequent 
retardation been so great? In the orbital motions the re- 
tardations were very moderate ; here in the equatorial mo- 
tions they are enormous. After the parting of the last 
rings, the equatorial velocities of all the nebulous globes, 
instead of increasing, wonderfully decreased ! The reason 
is this : the retardation, as explained in the nineteenth sec- 
tion, was caused by the unrotating interior of the nebulous 
body. The surface rotated from causes already explained, 
while the particles of the great interior were contracting in 
radial lines toward the centre. There was nothing to cause 
them to rotate until they were acted on by the rotating ex- 
teriors. In the ease of the aun especially, the chief mass of 
that body did not rotate until it had contracted within the 
orbit of Mercury. Hence so very small a proportion sep- 
arated as rings, and hence also when a greater density was 
acquired, and when the moving esterior and the unmoving 
interior came in closer contact, friction grew to be far more 
powerful. Thea with that more powerful friction there was 
no more acceleration of equatorial motion; on the con- 
trai'y, that equatorial motion began to slacken, then it grew 
slower and slower, until it became as we now behold. The 
equatorial region of the sun, from moving 110,725 miles 
an hour, as at the orbit of Mercury, has had its speed so 
much retarded that now it moves only 4,564 miles an hour I 
It will aid us to estimate the growth of our system by 
calculating the exceeding small inclinationa of the courses 
down which the matter of the equatorial regions flowed. 
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If our sun now contracta in diameter the oue-twenlietli of 
a mile in a year, and this would bo a rapid contraction, in 
my opinion, then the Jength of its inclined course must be 
to ita height as 1,600,000,000 is to 1. The greater the 
length of the plane in proportion to its height tlie longermust 
be the time for arriving by the action of gravity at ita foot. 

From the great retardation of the surface of the aun we 
arrive at the corollary that, ■when it extended to the orbit 
of Mercury, the rotating layer must have been compara- 
tively thia. Had it been deep and heavy, and its momen- 
tum consequently greaf, it coidd not have been so inueli 
retarded. 

Tliese two principles, that of Ketardatioa and that of 
Motion down an inclined course, are the great keys to un- 
lock the mysteries of the solar system. To show the m&a- 
ence of retardation on the present economy of our lives, 
we nyiy pause to see how it has rounded tlie form of our 
globe, lengthened our days, especially our winter days, and 
ameliorated our climate. la the following table the first 
column shows the actual number of hours in a single rota- 
tion of some of the heavenly bodies ; and the second shows 
the number of hours there might have been if the retarda- 
tion had been a certain amount less — so much leas, that the 
centripetal and centrifugal forces at their equatorial sur- 
faces would have been nearly equal : 



Sun 


... 670 hours 4 minutes. 


Shou 


Vunus 


... 28 " 21 " 


1 ' 


Earth 


.... 23 " 56 " 


1 ' 






2 ' 


JupU«r... 


... 9 " 6S " 


Saturn 


... 10 " 2'3 " 


4 ' 






3 ' 


Keptuno. . , 
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With tJiese rapid rotations in the second column, the ohlsite- 
ness of all these great globes would have been such that 
the equatorial would have been double the polar diameters, 
and the icy climale of our present polar regions, with several 
months of midnight dartnesa every year, would have ex- 
tended far down to low latitudes. The sun, so greatly flat- 
tened, wotild have given us far less light and heat, and his 
rapid motion would have precluded any examination of his 
surface or constitution. At the seasons of the equinoxes 
our days would have been only forty miuutes long, and at 
the winter solstice here, in the latitude of forty degrees, I 
suppose there would have been but a very few moments of 
auQshine each day, perhaps none at all, as I have not the 
leisure to make the calculation. 



SECTION" XXIII. 

WUTTHE SLTN HAS BEEN KETAEDED IN 

MUCH MOGE TUAS THE PLANETS. 
Eqw atonal Telocity in OrtiitEil yclooity ot nem-est 

Suft 4,564 110,1'26 

Jnpiter 2a,128 38,772 

Saturn 23,441 34,983 

By this table we ecc that the difference between the 
equatorial velocity of the sun and the orbital velocity of ifa 
nearest attendant is ^ery great, being as one to about 
twenty-seven. But the difference between the equatorial 
velocities of Jupiter or of Saturn, and the orbital velocities 
of their nearest attendants, is not so great, being less than 
one to two. Why this contrast between the sun and the 
planets? jE^idently it is because the sun in its rotation 
has been so much more retarded. In like manner we per- 
ceive by the second table of the last section that the differ- 
ence between the sun's actual rotation and his rotation cal- 
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culated by the inclined plane theorem, is as 1 to 305 ; but 
the difference in the case of Jupiter is as 1 to 4.88, and ia 
tbe case of Saturn as 1 to 3.63, Hero we see again how 
much more the sun has been retarded than the planets. 
The nebular theory gives a satisfactory explanation of the 
difference in their retardations. The sun was formed of a 
comparatively weil-coUected nebulous mass. If orignally 
it was not round, it was yet massive in shape, and not scat- 
tered and straggling. Therefore, in assuming a round form 
under tbe influence of gravitation, it was only necessary for 
the prominent angles to move laforally into the depressions, 
and thus by surface movements alone the stable spherical 
shape was attained. The entire interior remained unmoved 
in this operation, and did not rotate. Ilcncc the thin stra- 
tnm of the rotating exterior was so greatly retarded by the 
deep unvotating interior. Eiit the nehuloas masses forming 
the planets had originally a very different form. They 
were long cylinders or prisms coiled around in the form of 
rings. Hence to collect under the influence of gravity into 
spherical forms, the movements or currents must take place 
not only on the sarfaces, hut more or less throngh the in- 
teriors. Hence a considerable portion of the interiors be- 
gan to rotate by this primitive motion, and not throiigh 
mere friction with the rotating exteriors. Hence the exte- 
riors of the planets were not so much retarded by this fric- 
tion on unrotatjng interiors as was the ease in the sun. 



SECTION XXIV. 



In surveying the distances of the planets from the 
and of the satellites from the planets, we perci 
strong point of resemblance between the general solar 
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the special plauetaiy systems. la approacLing toward the 
sun, the planets are arranged nearer and nearer together as 
far as Venus, and the distance to the next planet, Mcrcmy, 
is wider. The same is true of the satellites : the dislancea 
from one to another become less and less until toward the 
last ; and when very near the planets, these distances are 
lessened veiy little or not at all. In the cases of Uranus 
and of Saturn the last intersatellite apace is wider than the 
one immediately preceding. While thus looking hroadly at 
the facts of the distrihution of both planets aad satellites, we 
see that the same influence has been at work, crowding 
them closer and closer together, until at length that influ- 
ence has been connteracled ; there is no more approxi- 
mation, and soon no more planets or satellites have been 
formed. The approach to regularity in this planetary ai^ 
rangement is so remarkable as to have led to the discovery 
of the first four asteroids ; and many attempts have been 
made to give expression to the planetary distribution by 
mathematical law. This evident approximation to law is 
called Bode's law. Without entering into these attempts 
to find a strict mathematical law, our object will be to dis- 
cover what influence in the nebular condensations and in 
the production of rings has caused this pecnhar arrange- 
In the following tables are given the radii of the nebu 
Ions globes having sateUitea, and the distances of the farthest 
satellites from the planets. The third column of figures 
shows how many times these radii axe greater than the 
distances of the farthest satellites. These radii arc calcu- 
lated on the supposition that the nebulous planets, in their 
spherical forms in the beginning, had a density fifteen times 
less than the sun when enlarged to their orbits. The rings 
must have been much less dense, and they must have con- 
tracted greatly before attaining to globular shape. 
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NeptmiB 

Uranus. 

Saturn 

Jiplter. 

Earth 


262,400,000 
1*8,200,000 
142,300,000 
115,600,000 
3,198,500 


225,000 
1,670,000 
2,414,000 
1,162,000 

237.000 


04.4 
68,9 

13^5 



Neptnno's farthest satellite, I suppose, lias not yet been 
discovered, and therefore his place in the thii-d column of 
figures is not computed. By this tabic it appears that our 
earth, before giving off a ring, had contracted from a dis- 
tance 13.5 farther than the moon. Jupiter had contracted 
one hundred times, Saturn flfty-nine times, and UrauHs 
ninety-five times (he distance of their fiirthest satellites, before 
producing a ring. And then when rings began to be form- 
ed, they were in all cases formed very alowly at first, and 
increased in frequency or nearness together until the last or 
next to the last. The reason why rings were produced so 
very slowly at first, is the same why previously through so 
vast a distance of contraction they were not produced at all. 
Why were not rings produced in the very commencement 
of rotation? Why wait so long? Why first contract 
twelve parts out of thirteen, or ninety-nine parts out of one 
hundred, before a single ring could be formed? After the 
first ring, why so much sooner a second ring, and still sooner 
a third, and then a fourth after a shorter space than any 
of the preceding, and so on until the last or next to the 
last satellite or planet? Nothing can be more simple than 
the explanation of this curious phenomenon, if we apply llie 
facis about retardation given in a former section. In the 
beginning of the rotation of a nebnlous globe, the rotation 
is only of a thin layer on the surface. It is not enough to 
produce oblateness, the extra expansion on the equatorial 
zone, which is the budding of a ring. The rotation is ooc- 
Btantly retarded by friction on the undisturbed interior. 



Hcssdb, Google 



PLANETAET DISTANCES. 259 

That inierior even Jiefore it rotates must be compressed iu 
an oblate form, and this act of compression impedes the 
velocity of tbe exterior. From thia velocity the centrifugal 
force may nearly equal the centi-ipetaJ force ; but unless the 
two be exactly equal, do rings can result. Hence it is that 
twelve-thirteenths or ninety-nine hundredths of the life of a 
nebulous globe are passed away before a ring can be sep- 
arated. If the nebulous globe be not very large, no ring 
can be parted, as in the case of the three smalicst planetary 
globes, Mara, Venus, and Mercury. But aiter one ring has 
beea formed, tlien the globe is at an age to produce another 
a short time, and a third and a fourth still sooner. This 
because the rotating layer has been deepened and hastened 
its velocity up to the point where the centrifugal and centi'ip- 
etal forces are equal. Complete oblafeneas has been assumed, 
making the equafoi-jal about double tbe polar diameter. The 
rings ane therefore nearer and nearer as the obstrnctioas to 
the rotating interior are more and more out of the way. 
Even if the same amount of obstructions to the rotating ex- 
terior existed, its increasing thietness and velocity would 
make these obstructions more and more easily overcome. 
This increasing velocity is of prime importance, and alone 
sufficient to determine the greater irequency of the rings. I 
refer not simply to the proportionally greater increase of 
vis viva of a greater velocity for overcoming obstructions, 
but chiefly to the fact that the velocity acquired down an 
inclined plane produces a centrifugal force which increases 
more rapidly toward the centre of the sun than the centrip- 
etal force. Hence, in this gain of the centrifugal over the 
centripetal force, we see the gain in power to produce rings, 
and consequently a gain in the frequency of ring births. 

But at length a new epoch arrives and a new phase of 
action. In the course of contraction a density is acquired, 
when, by frietion, the whole mass of the imrotating interior 
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begins to feci the force of the rotating exterior. In the ease 
of the sun that interior had been condensing and settling ia 
radial lines. From long anterior to the formation of Nep. 
tune, it was the chief part of the mass of the sun which iiad 
been settling in radial lines. While the light surface rotation 
had been going on, the dense interior had not rotated. Now 
a point of density is reached where friction grates strongly on 
the whole of that heavy inert interior, and as a eonscquenco 
the last ring is a little delayed beyond its time. Therefore, 
Mercuiy is some two millions of miles farther from Vonua 
than Vcnua is from, the earth, and therefore also the last 
satellites of Uranus and Saturn were given off after a wider 
space. At last the centrifugal force, in consequence of the 
friction on the entire interior, becomes a little weaker than 
the centripetal force, and then not another planet is born. 
Therefore, the fact of retardation, an unavoidable occurrence 
in most nebnlons globes, tells why the production of planets 
and satellites is delayed so long, and in some cases prevented 
altogether. It tells why they are formed slowly at flret, then 
more rapidly, then a little more slowly again, and then an en- 
tire cessation of planetary births. Dynamical laws, gravity, 
and gravity conserved as inertia, the laws of contraction and 
friction, are the same in all nebulous globes, whether they 
be suns or planets, and hence we behold the same general 
law of distribution among both planets and satellites. 

There is another and a numerical method of illusirating 
the cause of the peculiar distribution of the planets and saiel- 
litos, lu the table of the nineteenth section (p. 234) it ap- 
pears that there is a loss of velocity due to gravity not far from 
the same amount in all the planets ; ranging from eleven per 
cent, in Saturn to about six per cent, in Venus, This average 
of about eight per cent, of the force of gravity was expended, 
not in giving velocity to the planets, but in friction on the 
unrotAting or slowly rotating interior. Ilonce, wo see that 
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when about eight per cent, of tlie force had been expended 
ia friction on the slowlj rotating interior, then the exterior 
on the equatorial zone had gained velocity enough to be 
separated as a ring. Now a loss of velocity due to gravity, 
say of eight per cent., must occur in a much shorter space 
as gravity increases in power. Gravity increases in a 
duplicate proportion ; therefore the interplanetary spaces 
decrease ia a simple proportion — or nearly in a simple pro- 
portion — as two is to one. These percentage numbers rep- 
resenting the loss of velocity or force, varying from eleven 
to six, would, I suppose, have been in all cases the same, 
and the interplanetary spaces would have followed a regu- 
lar law, had it not been for inequalities of size and density 
in the strata of the nebulous sun. These inequalities also 
prevented a regular law in the masses of the planets. The 
more rare (he stratum, the more oblate it would bo, and its 
separation would occur proportionally sooner than that 
of the denser one next below. 



SECTION XXV. 

WHY TEE FOUR EXTEEIOE PLABETS HAVE AIJ. THE SATELLITES 
BUT ONE; ASD WEY OP THE FOCTE INTEEIOE PLANETS THE 
E4ETH ALOBF HAS A SATELLITE 

To sohe thc^e que tiocs we must tale into view fho 
sizes of the planets ^hen m then- on^mal nebulous condi- 
tions. Thea diameters in miles were as follows, if cal- 
culated at a deaiity fifteen times les« thm that of the son 
when enlarged f s thoii oibits 



Diametera in miles. 

Mercury S74,4O0 

Tenus 4,428,000 

Eartli 6,393,000 

Hara 4,S51,000 



Dial 
Jupiter. . 
Saturn . . 
Uramia . , 
Neptune 604, 



,200,000 
,600,000 
,400,000 



The contrast between tliese two sets of planets, in point 
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of size, wLile in their primary nebulous conditions, is truly 
wonderful. This contrast is equally strong wlien we com- 
pare their original densities, whicli were as follows : 



Mercury. 



we 



bjdrogen. 

Japiter 1,093,000 

Satutft 6,732,000 

Uranus 64,1*0,000 

Neptune 310,600,000 



A still more pertinent point of contrast is the degree 
they have been retarded in the velocity of their rotations. 
When we compare the present velocities of their eqnators 
with the velocities they ought to have by the inclined 
plane theorem, we find that Mars has been retarded twenty- 
foar times, and Saturn only three and a half times ; that is, 
tley -would now 1 ave hid an ej a o al oc y o mtny 
me greater but for e ardat on Th al 1 r ta ement 
13 a? folio YS 



The cases of Mercury and Nej une annot be as r 
tanel to want of d a The rei.on \j le ute or 
jlanets were reta ded n then" rota ons so m ch more than 
the ex er or was I s ppoae oa a coim of tl eir greater 
densities and smaller sizes But this need not be discussed 
here, as the facts of thur ictirdation aie so piam On ic- 
count of this principle ot letaidation, the e"^teiic.t planets 
conliacfed thcii radii bom fifty-nme to one hundicd times 
the distince of theii firthe^ satellites before producing a 
ling Then, after pioducing rings foi a ceitain peiiod, 
their rotating exteriors were retarded anew Irom cljaer 
contact with the dense nnrotatiUj; mtenor= But bcfcie 
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the smaller interior planets could, in the iirst place, eon- 
tract so great a distance in order to produce rings, their 
rotating exteriors came directly m contact with their dense 
nnrotating interiors, and hence they conld part no rings at 
all. Therefore, on account of the primary retardation which 
the external layer had to encounter from the beginning, and 
the final retardation by the interior core, and also from the 
much shorter dislascefor contraction, the interior planets 
could not gain on their equatorial surfaces a velocity mak- 
ing their centrifugal equal to their centiipetal forces. 

But why of the four interior planets has the earth alone 
a satellite? The answer is plain, by viewing the table of 
their nebulous diameters. There we see that, in tlie begin- 
ning, while in their nebulous condition, the earth was larger 
by far than the other three interior planets. It was so much 
larger, and its mass so much greater, — in other words, its 
inclined plane was so much higher, and the power on that 
plane so much stronger, that a velocity could he acquired 
making the centrifugal equal to the centripetal force, after 
overcoming all retardation by friction. This could bai-ely 
be done, and hence it has but one satellite. 



SECTION SSVI. 

WKY THE SUiTS BEiKEST ATTEfTOABT IS SO PAR OFF— TIIIETY- 
¥IVE MTT.T.TOWa OF MILES; AMD WHY SATITEN'S NEAEEST AT- 
TENDANT, BIS nrarnH eing, is so heais, onlt about twelve 

THOUSAND MILES i'ROM HIS SUKFACE ; AHD "WHY THEUE IS 
NO PIAHET BETWEEN MEECUEY AND THE SUN, 

The reason of the great difference between the sun and 
Saturn in the distances of their nearest attendants, is due 
to the difference between their retardations. The connec- 
tion between the distances of the nearest attendants and the 
amounts of retardation will be seen by the following lahk ; 
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Sua K05 35,000,000 

Saturn S.63 60,000 Inner ring from centre. 

By retardatioQ tJie sun's equatorial velocity is three hun- 
dred and five times leas thaa it would have been, and Sat- 
urn's only three and a half times less. Here we sec plainly 
the reason why the formation of rings was arrested so far 
from the sun's surface. When the ring resulting in Mer- 
cury was parted, the eiin's equatorial velocity was 110,000 
miles per hour. By retardation it was reduced to 4,564 
miles per liour. This was an enormous reduction. How, 
then, was it possible for another ring to be produced inside 
of Mercury? For the production of another ring, a much 
greater velocity than that of Mercury was necessary ; and 
that greater velocity not being allowed hy tJie principle of 
retardation, another planet intenor to Mercury was im- 
possible. If from Mercury's orbit we measure a distance 
t^jward the sun equal to the space between Venus and 
Mercury, which is 33,000,000 miles, we arrive at or very 
near the sun's surface. Long before the sun's surface hy 
contraction reached that point, his equatorial velocity must 
have been very slow — hy far too slow for parting another 

Saturn's retardation was the least of all, and hence his 
last ring was nearest of all. Jupiter occupies an inter- 
mediate place in retardation, and the distance of his last 
ring was accordingly intermediate. 



SEOTION SXYII. 

THE rECULIAKITIES OP THE SATUKHIAK SYSTEM. 

The system of Saturn, while preserving the general 
characteristics of the general solar and of the special plano- 
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tary syaf ems, differs very strongly iu some six or eight par- 
ticulars. They are as follows : 

1. An attendant so ucar his surface. His nearest ring, 
the last discovered and semi-fratisparent, is only about 
10,000 miles from his surface, and thevefore only about 
47,000 or 50,000 miles from his centre. The distances be- 
tween the centres of the other planets and their nearest 
attendants are as foUows : Earth, 237,000 ; Jupiter, 269,800 ; 
Uranns, 226,000 ; Neptune, 225,000. These four distances 
are remarkably near each other, while that of Saturn from 
his attendant is about one-flith of the average of these. 

2. An attendant so very far off, Hia farthest satellite is 
double the distance between Jupiter and his farthest satellite. 

3. The large number of his attendants, three rings and 
eight moons — eleven in aU. This is nearly double the num- 
ber attending Uramis, and three times the number attend- 

4. The nearness together of hia attendants. 

5. His great oblateness. 

6. Three of his rings remain unbroken. 

There are two other peculiarities which may be called 
theoretical, aa follows : 

7. The nearnesa of his equatorial velocity to the theoret- 
ical velocity by the force of gi-avity. 

8. When compared "with the other exterior planets, his 
distance of contraction before producing a ring was much 
less. Before producing a ring, Jupiter contracted one hun- 
dred times the distance of his farthest Satellite ; Uranus, 
ninety-five times; SatuiTi, only fifty-nine times. Let us 
now examine whether the principles we have already an- 
nounced can give a satisfactory explanation of the origin 
of these peculiarities. 

Eetardation I have already shown to be the cause why 
a nebulous globe contracts so far without producing a ring ; 
12 
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ia one case ninety-nine hundredths of its whole distance. 
Froni the same cause, also, the sun ceased to produce rings 
during the htst 35,000,000 nailes of its contraction. Now 
it is evident from comparing Satam's actual equatorial ve- 
locity with the orbital velocity of his nearest satellite, and 
also with his calculated velocity as due to gravity, that this 
planet has suffered loss retardation in his rotation than the 
sun or the other planets. Therefore, d prio'ri, we should 
expect that this planet would have rings farther off than any 
other planet, and would have them nearer together, and con- 
sequently a larger number. IVom the same a priori views, 
we would necessarily look for greater oblaleness, because if its 
velocity of rotation were more retarded, its oblateness must 
be diminished. Thus it appears that the first five of these 
peculiarities are traceable to the same cause, relardation. 
The nearness of the rings of Saturn to his own body, nearer 
than the rings of any other planet, is the reason why they 
remain unbroken. The neai-er they are, the more strongly 
they are embraced by the influence of two opposing forces, 
the centripetal and the centrifligal. They are held as with- 
in the jaws of a mighty vice, and the feeble force of gravity 
of his moons has not been able to cause their rupture. 
The gravity of his moons is rendered especially feehle by 
their want of density. One of Jupiter's satelhtes is fifty 
times less dense than our earth, and as Saturn has only 
half the density of Jupiter, their satellites probably compare 
in a simihir proportion. The two remaining peculiarities 
of Saturn, the seventh and eighth, not being visible, may 
be called theoretical. They are so obviously dependent on 
the small amount of retardation, as to require no additional 
remarks. 
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SEOTioiT sxvni. 



The disf aQCea between the planets are measured by miil- 
iona and hundreds of millions of miles ; those between the 
Satellites by only a few thousands of miles. It first strikes 
us that there is a cause for this arrangement, in the faci 
that the solar system is so much larger than the plaaetai^ sys- 
tems. But this is a mere analogical dream, pointing out no 
connecfion between cause and effect, aad indeed pointing oul 
no cause at all. If the planets had been so large that their 
rings must necessarily have occupied the whole of the inter- 
planetary spaces, then there would appear a real c 
But, from our calculations of the dimensions of those rings, 
it is clear that they did not occupy the whole of these 
spaces. 

The principles already laid down and applied to other 
questions, admit an easy application to this. Why did 
Satiffn have his rings nearer together th.an any other planet ? 
Less retardation For the \eiy same icison ill the plxntts 
must have nn^s neaier together than the ^un Their re 
tardations accordmg to calculation were much less The 
sun's equatorial velocity is now three hundred and hve 
times less than it ought to be by the calculations as due to 
gravity. That of Jupiter is only 4 S'l times, and thtt of 
Saturn only 3.63 times less. We have seen that for 35, 
000,000 miles between Mercury and the sun, there is uo 
planet because of retardation ; that if there had been no 
retardation, the planets ivould have been close together 
from the beginning of nebular contraction to its eiid ; and 
if there had been a sufficient amount of retardation, there 
would have been no rings or planets at all. Therefore we 
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may conclude that this obTiously great amount of retarda- 
tion in the sun was tlie cause why tlie planets are so m^ueh 
farther asunder than the satelhtes. 



SEOTIOS" XXIX. 

F THE MUSDANE SYSTEM. 

The pkuetary system of the eaith has the following 



1. The earth has only a single satellite, while the other 
planets with satellites have several. Keptune is not here 
taken into account, for all its satellites, as I suppose, have 
not yet been discovered. The nebular theoiy renders the 
existence of other satellites to that planet in the highest de- 
gree probable. 

2. The moon moves more slowly by far than any otLer 
celestial body, only 2,276 miles per hour. Tlie slowest 
satellite of Saturn moves about 6,000 miles an hour ; the 
slowest of Jupiter about 18,000 ; and IfeptuQc, the slowest 
planet, has a veloeily of 13,570 miles per hour. 

3. In proportion to the mass of the earth, the moon is 
by far more distant from its primaay than aay other satel- 
lite. This is shown by its slow motaon. 

4. The mass of the moon approaches more nearly to the 
mass of its primary than any other satellite. It is about 
the -^ part of the earth, Jupiter's largest satellile is only 
the xtJts' '^^ *^^ mass of Jupiter, and his smallest is tho 
TPfi^^- Jupiter's own mass, larger than that of all the 
other planets and satellites together, is only the ybVf '^^ ^^^ 

5. The slowness of the moon's rotation, only once in a 
month, and so as to keep the same side always turned 
toward the earth. From theoretical considerations, and 



Hcssdb, Google 



THE MDNDAiTE STBTEH. 269 

from observations not rendered as clear as can be desiroiil, 
this is the case also with the satellites of Jupiter and 
Saturn. 

The first of these peculiarities has already been account- 
ed for in the twenty-fifth section. The second, third, and 
fourth peculiarities may all ho shown to have originated from 
one and the same cause. We have seen that the sun was 
retarded in its rotation so much more than the planets, 
because originally it was, as far as shape is concerned, a 
more compact mass ; whereas the planets were collected 
from long cylinders or prisms coiled round in the shajie of 
a ring. In this process of collection, their interiors re- 
ceived a motion from the very first, and hence did not so 
much retard their exteriors. The eai-th mast be supposed 
to have been composed chiefly of two layers : an interior 
portion or layer not much difiereut from that of the other 
smaUer planets, and a deep esSerior layer very little retard- 
ed, and consequently rotating freely. From this unusually 
free and unretarded rotation of the deep exterior layer, 
would result the fact that a ring would separate sooner 
and of greater size than usual. Therefore it would bo 
more distant from the centre of its primary, and therefore 
also proportionally slower than the other satellites. For 
the same reason also, namely, the unretarded rotation of the 
deep exterior layer, the ring might be proportionally larger 
than usual, and hence the large size comparatively of the 
moon. We need not now inquire why a nebulous globe 
should collect together in such a way as to have its exterior 
layer deeper and retaa-ded less than usual. Tlie possibility 
of such a case is evident, and that is enough for our present 
purpose in accounting for these three peculiarities. 

The fifth peculiarity, the very slow rotation of the moon, 
and its presentation of the same side always toward tho 
earth, has been accounted for by Mayer, in his " Celestial 
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Dynamics," in this manner. He asaumes tliat tke moon 
whea in a iiquid. condition had a more rapid rotittion than 
now ; that from the earth's gravity a larger tido-wave arose 
on the side toward the earth ; that from the mooD'a rapid 
rotation, this tide-wave was loft behind, a little like our own 
ocean tide-waves, and hence really existed in some degree 
on tlie side of the moon departing in its rotations from the 
earth; that therefore this tidal protuberance was like a 
roountain on that side, and being attracted by the earth, it 
continually opposed and retarded the rotation, nntU this 
tidal protuberance wM brought pennaoently toward the 
earth ; and then, of course, the period of its rotation first 
corresponded with its period of revolution. Soon after this 
was published in Germany, and before its appearance in 
our language, 1 came to the same conclusion independently. 
But my conception and description were in a way very 
different, and as I think superior to that of Mayer. Copied 
from my old manascript, it la as follows : 

" The two tide-waves of the moon were always the one 
on the side toward the earth, and the other precisely on the 
opposite hemisphere. As the moon moved round on its 
axis from west to east, the tide-wave moved in an opposite 
direction from east to west, as now on onr globe. When 
rigidity began in the solidifying surface of the moon, this 
i-igidity opposed the advance of the tide-wave, and held it 
back. Jnst in proportion to the power of this rigidity did 
it delay the flow of the tide-wave, and thus counteract the 
tidal influence coming from the farth. Here tUcre were 
two opposing forces ; the rotating force of the satellite act- 
ing through its rigidity against the force of gravity emanat- 
ing from the superior planet. This antagonism was com- 
plete ; and in such a contest there could be but one result. 
The force of gravity of the planet is indesfructible as far as 
we can perceive, bat the rotating momentum of the fcatcllito 
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was and still is a definite quantity, capable of being destroyed 
by an opposing force. That opposing force, a very great 
one, was every moment at work destroying little by Utile 
the rotating momentnm, until at last it was so far destroyed 
as only to turn the moon round on its asia once in one rev- 
olution around its primary." 

Mayer's conception of a single tide-wave on tbe departs 
ing side of the moon, and that operated upon by the earth's 
gravity, as upon a huge mount'tin, aeemi to me objection- 
ahle.* The moon like the eirth mu«t hi\e had two tide- 
waves, and as they weii, on pieciael> oppomte aides, the 
gravity of the earth, as far as it afftcted the moon's rott^- 
tion, must have been the same on both, or 10 nearly the 
same, that the difference on acconnt of their different dis- 
tances must have been inconsiderable Therefore the rigid- 
ity in the revolving body opposing the tide waies, seems to 
me to have been the real agemy that retarded the rotation. 

The rotation of the earth and all the planets must have 
been affected by the same tide-wave agency. Here, there- 
fore, we come to a second cause for the great fact of ret ard- 
atiou which we have seen to have had bo powerful an influence 
in the formation of the solar system, and which must be 
again taken into account when we explain the regular forms 
of the nebulEG ; meaning now by this term the clusters of 
stars which, from vast distances, have a nebulous or cloudy 
appearance. Tbe inquiries immediately arise, Why have 
not the planets been retarded by these tide-waves so as to 
present the same side always toward the sun, or, in the 
case of the eai'th, toward the moon? And, what is the 
proportion in anaount of power and practical influence be- 
tween these two causes of retardation ? To the first ques- 
tion die following facts must be adduced. 

1, By reason of differences in distance, the tidal influ- 
ence of the sun on the planets is far less than that of the 
* See m Appendix, Note to Section XXIX. 
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plaEcts on the Batellitea, The mass of tlie earth buing 
eighty-four times greater than that of the m.oon, its grayl- 
tating influence in producing a tide-wave in the moonii 
juBt so many times greater than that of the moon in pi-o- 
ducing a tide-wave in the earth. Tlie Email sajierficial 
gravity of the moon, and its shorter diameter, must bo 
taken into account ; bnt these two tend to eonnterbalance 
each other. But even the moon's tide-prodncing power on 
the earth is greater than that of the snn ; how much greater 
therefore must be the tidal inflnence of the earth on the 
moon than that of the snn on the earth ! 

2, The rotating momenta to withstand the influence of 
the tide-waves were incomparably greater in the planets 
than in the satellites ; greater on account of their masse, 
and greater on account of their rotating velocities. 

From these two causes, Iheir much smaller tide-waves, 
and their much greater momenta, the planets have been far 
less under tidal influence than the satellites. When irr a 
nebuloiis condition ■with very great diameters, their tide- 
waves must have been exceedingly hi;;h ; hut from the 
want of rigidity in the nebulous globes, I do not sup- 
pose that those waves then had any appreciable influence 
on their rotations. Neither do I suppose that the rotation 
of the earth at the present moment is affected by any tidal 
influence on account of its fused interior beucath the solid 
crust. Therefore the period for the retardation of the earth 
and the other planets by tidal influence, must have been 
chiefly during the first solidification of the outer crust, 
while it was yet thin and yielding, and before it became 
unsusceptible of interior tides. 

In answer to the other question on the proportion in 
amount of power and practical influence between the two 
causes of retardation, very little can be said, because nu- 
merical data, as Ikr as I can perceive, are not attainable. 
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As the result of my owe reflections, I caa simply say that, 
in my estimate, the influence of the tide-waves, as a cause 
of retardation, has been very much inferior to that of the 
nnrofating dense interiors of the celestial bodies ; though 
in this respect there may not have been a uniformity among 

Mayer has b h fli d only writer, as far as I am 
aware, to descr b h now going on between the 

tide-waves of th 1 1 cooling of our earth. Sub- 

sequently, and b f h i hi cations came to my knowl- 
edge, I though u th b et independently. In this 
case there is not so wide a diflerence between his reasoning 
and my o^vn as there appeared in the former ; still the jux- 
taposition of the two statements, I hope, will not be regarded 
as out of place.- Copied from my old manuscript, my views 
were as follows ; 

" The ocean of waters on our earth is now subject to 
tidal waves, and these, running contrary to the rotation of 
the earth, and falling with all their great momenta against 
continents and islands, ought gradually to lessen the rate 
of the earth's rotation, and make tte days longer. Mathe- 
maticians have expressed surprise that this effect has not 
heen detected. 

"The interiorheat of our globe is slowly radiating away, 
not only from three hundred volcanoes and innumerable hot 
springs, bnt even through the rocky crust both of the ocean 
bed and of the uplifted land ; and hence there must be a 
contraction of our planet, and consequently we should look 
for a more rapid rotation on its axis, and a shortening of 
the days. Geologists have been puzzled to find from obser- 
vation no such effects. 

" But it is plain that these two anticipated eifeots, tliat 
of the tidal wave and that of the escape of heat from the 
interior of out globe, must counteract and probably evenly 
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balance each other, and preserve the length of our diiy 
without any appreciable change." 



SEOTIOW XXX. 



It is easy to nnderstaiid why the planets revolve around 
the sun from west to east. But why they rotate on their 
axes in the same direction is not so clear ; a closer attention 
is needed, which we wiU now bestow. It depends entirely 
on the fact that the exterior of a ring revolves with the 
same angular velocity around the sun as its interior. Aud 
this latter fact depends again on two causes : First. Even 
if the exterior of a ring had a tendency to revolve more 
slowly, in the angular sense, than the interior, still the 
exterior would be carried along by friction, side by side, 
equally with the interior, and with the surface of the nebu- 
lous sun, before separating. For instance, before the ring 
of Neptune was separated from the interior nebulous mass, 
its contact with that mass was through the entire round of 
the immense orbit of that planet, and friction from this 
extensive contact would tend to carry forward the whole 
ring, both exterior and iaterior, with the same angular 
velocity. Friction ia that very rare substance was slight 
indeed, but it must have had a very small effect, and 
that was sufficient. Wo see the effect of friction in the fact 
that the calculated velocities of all the planets are a little 
greater than their actual velocities. Secondly. We have 
already seen that the extei-ior of the nebulous sun rotated 
with a far greater angular velocity than the interior ; and 
that in fact, through the greatest extent of its contraction, 
the interior did not rotate at all. Hence, the exterior of 
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tbe ring, on the last supposition, must have had an angular 
velocity equal to the interior. Even if it should tend to fall 
behiod, friction would come in aid. 

When a ring broke, from 
causes already expIaineiS, the 
opening became wider and 
wider. After a time the ring 
was merely a semi-cii'cumfer- 
ence ; tten it decreased to a 
quadrant ; then still shorter ; 
and at length by tbe force of 
gravity it was fashioned into a 
globe. In revolving around 
the Bun, S, the angular velocity 
of (he exterior side of tlic globe 
at A, was equal to that of the 
interior side at B, and conse* 
qnently its linear velocity ^ 

tracting toward tbe centre, the exterior and tbe interior 
sides would not move in straight lines toward each other. 
The former. A, moving more rapidly than the centre, 
wonld go before the centre ; and the latter, B, moving 
less rapidly than the centre, would fall behind the centre. 
Both points, A and B, would constantly appi'oach the 
centre, bat in spiral lines, and once having begun fliia 
spiral motion, it must be continued ; the rotation mnst 
keep on in the same direction, and be continually in- 
creased, as haa already been sbown. But this rotation, 
evidently, from an inspeclion of the figure, must be in 
the same direction as the revolutionary motion, from west 
to cast. 

The satellites are related in the same way to the planets 
as the planets are to the sun, and the rotation of all must 
be in the same direction. This is the case with the satel- 



i greater. Hence, i 
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litea of the Earth, of Jupit^, and of Saturn. The others 
are too fur off for obscrv^ation. The cause of the retro- 
grade motion of Uranus will be explained in another section, 
Bnt it has been supposed that the exterior of a ring 
cannot have the same angular velocity as the interior, on 
account of the great breadth of the rings. This is on the 
principle that a more distant planet must have a less linear 
and angular veloeily than one nearer the sun. This sup- 
position would be true, providing the rings were broad 
enough. Therefore it is necessary to ascertain the original 
breadth of the rings ; that is, their dimensions in the direc- 
tion of the sun's radii at the equator. This we may call 
the radial climcnsioD, and the one parallel to the axis of tlic 
sun's rotation we may call the polar dimension. But can 
wo ascertain the sizes and shapes of those ancient bodies so 
long ago changed info spheres? By dynamical laws, and 
by mathematical calculation, we can reconstruct and restore 
those primitive palseological forma in astronomy, tlie same 
as in geology, from petrified fossil remains, we can recon- 
struct the primitive animals of our globe whose lives have 
long siace been estinct. The process is this : We have 
already ascertained the diameters of the nebulous planets 
when of the same density as the sun enlarged to their 
orbits. From their sizes find their cubic contents. Divide 
their cubic contents by the lengths of their orbits around 
the snn, and this will give the sections of the rings. Divide 
the section of a ring by its polar dimension, and the quo- 
tient will be the radial dimension. The two difficulties in 
this process are to fiad the densities of the rings as com- 
pared with the average of the sun, and their polar dimen-. 
sions. By sufficient time and labor, we can approaimate 
quite nearly to both these elements. We may assume, hs 
a first approximation, that the rings separated from a zone 
of the nebulous sun in breadth oue degree on each side of 
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tlie equator ; then the polar dimcnaion of tlie rings will 
be equal to two degrees of latitude ; more correctly, equal to 
twice the sine of oae degree. It may hav e been wider, hut 
not very greatly, beeauso the sun was extremely oblate", and 
came to a comparatively sliarp edge. At higher lafitodea 
also tho centrifugal force decreases very rapidly — inversely 
as the squares of the distances frona the axis of rotation. 
Therefore, assuming two degrees to he the polar dimension 
of the ring, and its density equal to the average of the sun, 
we obtain the radial dimension. Afterwards we can alter 
them by multiplication as we think best. For instance, if 
we come to the conclusion that the rings were f«n times 
less dense than the average of tho sun, then we may multi- 
ply the polar dimension hj five, if that be our coQclusiou, 
and the radial dimension by two. The following table ex- 
hibits the two dimensions of llie riogs on the basis that 
their densities eqiiallgd that of the nebulous sun enlarged to 
their orbits, aad that their polar dimensions wore one degree 
on each side of the equator ; the dimensions are in miles : 





P<,I^cUmcn.!oEi,. 






96,650,000 
61,600,000 
80,080,000 
16,740,000 
4,890,000 
8,210,000 
2,322,000 
1,242,000 


2,200,000 












M^.v.'." '.:'.'.'.: :'.'.'.'. 




B»rth 


5,632 




a.2R2 



The only rings having a considerable radial dimension 
are those of Saturn and Jupiter. If we regard them as 
being ten times less dense than the average of tho sun, and 
their polar dimensions occupying five degrees on each side 
of the equator, then their radial dimensions would double 
those in the table. Even then, in view of friction, and of 
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the fact that the cxteriora of the rings Lad originally a 
greater angular velocity than the interior of the nuhulons 
mass, I believe tiat the angular velocity of the exterior of 
the ring equalled that of the interior, — or so nearly equalled 
it as to have an equal or greater linear velocity. 

In these calculations, the feet must be borne in mind 
that each particle of a gaseous ring fends to revolve in a 
great circle around the centre of the nebulous sun, and this 
must operate to reduce the polar dimension of the ring ; to 
mould them ultimately into the shapes of those of Saturn, 
if they exist long enough without breaking. In this way 
we may account for the extreme thinness of Safum's 



SEOTIOH" SXXI. 



THE IKCLINATIOS OF THE AXIS OF ROTATIOH TO THE ORBITAL 
PLANES ; TUli INCLINATION 01' THE ORBITAL PLANES OF BEC- 
ONUAEIES TO THE EQITATOEIAL PLAHEa OP THEIR PEIMA- 
EIES; AND THE EKTfiOSEADE MOTION OF THE SATELLITES 
OP tTEANUS. 

From the principles already announced, it would seem, 
at first view, that the orbit of every planet should lie in the 
plane of the sun's equator, that their axes should all be per- 
pendicular to their orbits, and that the orbit of every satel- 
lite should lie in the plane of the equator of its primary. 
Thus among all the members of the solar system, their 
axes should be parallel, and the planes of all their orbifs 
and all theii' equators should be one. We would naturally, 
without much reflection, form such au opinion of the work- 
ing of the uebular theory, though it would be not only a very 
superficial, but a very wrong opinion. It would leave out 
of view some of the most important principles of the uni- 
verse. It would be the same as saying that all acorns are 
alike, and if all be planted io the same field, with the same 
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soil, tlie same sun shining upOE tliem, aad the same air 
fanning them, then every oak they produce must bo alike. 
Instead of this, there would not only he no two trees, but 
no two leaves alike. The world is constructed upon prin- 
ciples that hring an infinite diversity out of unity. If we 
let fall a dozen pebbles on the floor ever so often, they 
would cever lie twice in the same relative positions. If 
all matter were distributed through space, with an approach 
toward equali^ as nearly as any thing we know, still, in 
contracting and breaking up into separate masses, no two 
masses would bu alike; and while their unify would be 
seen in taking tho globular «hape, and entering upon mfa- 
tions, the systems of globes formed by each would be dif- 
ferent. The acorns, in truth, and their positions in the 
ground, would not be alike. Neither could we, by the 
most refined machinery, make twelve pebbles alike, nor 
drop them on the floor twice in the same manner. And 
matter difiiised through space, however equally, by the 
same mechanical principles, would still have inequalities ; 
and chemical action, causing contraction, would ha\e its 
variations as well as tbe sprouting of acorns. Conceive of 
things as we may, we can never get clear of the great fact 
of variety in unity. That is God's flat : " the way of the 
Lord." The union of all the currents into one on the sur- 
face of a nebular globe could never obliterate all traces of 
the individual currents. The impulses of each one would 
still exist in their blondings, and there would always be 
surgingB to and fro, and irregular boiling up in the whirl- 
pools down the inclined plane. When a ring parted, it 
would carry with it the waves — the foaming biUows on the 
surface of the equatorial zone ; and as it broke and collected 
into a new rotating globe, the irregular momenta would go 
on. How could all these impulses flow together, and form 
an axis absolutely invariable ? That would be something 
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supernatural, a miracle. It would be like dropping a 
aeedle ou a steel plate so perpendicularly that it would 
stand erect, evenly balanced on its point. Nothing can be 
immovaWe. All is in motion ; and therefore the axis of 
every rotating globe is in motion. Perhaps, like pendu- 
lums, they incline now this way, and now that way, re- 
quiring hundreds of millions of years for a beat. The axis 
of our earth now points to a particular star. We can t«ll 
when it will point more than forty-sis degrees another way. 
The axis of the sun can be no exception. The plane of his 
equator was once in the general plane of his planets, but it 
could remain neither there nor in any other immovable 
position. More than a hundred millions of years have 
elapsed since the sun parted the ring of our globe. Wc 
know this from the teachings of Geology on the antiquity 
of the earth. Since then his axis has altered about eight 
degrees; that is, one degree for every 12,000,000 years. 
Does this seem absurdly slow ? No ; we must learn to 
correct the ideas of our childhood. As Natural Philosophy 
teaches us the wondersof velocity, that of light being twelve 
million miles in a minute, so our theory points to a wonder 
equally great in the opposite direction, oae angular degree 
in twelve million years ! In this latter case, however, we 
cannot be definite ; instead of twelve millions, it may be 
many more. "We have as much, and even more, reason to 
wonder that the orbit of our earth is so little out of the plane 
of the sun's eqi!ator,than that it isso muchout of that plane. 
Because the orbit of our earth is seven or eight degrees out 
of the plane of the sun's equator, that is no reason why the 
two planes did not coincide gome hundreds of millions of 
years ago. Because the axis of oor earth now inclines so 
that the plane of its equator is twenty-three degrees oiit of 
the plane of its orbit, that is no reason why the two did not 
coincide " in the beginning." When millions of yef.rs are 
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required for the motion of only one degree, such motions 
are beyond our appreciation and beyond our calculations. 
But ive cannot say a single word against the existence of 
such motions wten by mechanical principles we see a prob- 
ability for their cause, and wlien in the solar system we 
see facta attributable to their effects. If tie axis of our 
eartb. has moved more tlian twenty-three degrees, then, for 
aught we can tell, it may yet move a Httlc more than ninety 
degrees, and then it ■will be in a position similar to that of 
Uranus. But Uranus, by reason of extreme oblateness, 
and by his own motion while in a nebulous state imparted 
to his satellites, has carried his satellites along with Urn. 
Hence, we can account for their retrograde motion. But 
Uranus is nineteen times farther from the sun than our 
earth, and therefore is probably nineteen times older, and 
lias had so much more time to change his axis. 

It is wonderful how the fa«ts respecting the positions 
both of the axes and of the planes, in the general solar 
and in the special planetary systems, support the view 
that the slow movcraeuts of the several axes prevent them 
from being parallel, and prevent the several planes, both 
equatorial and orbital, from coinciding as one. Lotus look 
at these facts. 

1. If the axis of our earth had at first been at right 
angles to the plane of its orbit, then at that period the plaac 
of its equator would have coincided with the piano of its 
orbit ; but with a very slight motion of the axis in the 
lapse of millions of years, there would have been an angle 
of a few degrees between the two planes. Then came the 
period for ^ving off the ring of the moon, and hence the 
plane of the orbit of the moon is now at an angle of five 
degrees from the plane of the earth's orbit. The position 
of the orbit of the moon therefore may mark the former 
position of the plane of the earth's eq\iator. Tlic inclina- 
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tion of the earth's axia has been going on, aHiI the plane of 
its equator ie now removed more than twenty-three de- 
grees from that of its orhit. The movement of the plane of 
the moon's orbit has probably been arrested by perturbing 
influences. 

2. In aceordaaee with this view, we behold that the 
planets which arc nearer the sun, and conseqtiently the last 
produced, are also nearer the plane of his equator. The 
plane of Mercury's orbit almost coincides with the sun's 
equator ; tliat of Venus is only three or four degrees re- 
moved ; and that of the earth about seven or eight degrees 
If the axis of the sun be moving, we can see why his nearei 
and newer planets are nearer the plane of his equator. The 
more distant and older have had a longer time to depart 
from his equatorial plane. 

3. In the systems of Jupiter and Saturn we see the ful- 
filment of the same idea. In both oases the distant satel- 
lites are farther removed from the equatorial planes of their 
primaries than those which are near. Here we behold 
another remarkable coincidence between the general solar 
and the special planetary systems ; and the facts in both 
cases and the coincidence between the two are explained 
by our theory. On account of their great distances, noth- 
ing is tnowCL of the axes of TTranas and Neptune except 
what is inferred from the orbits of their satellites. 

4. It is acknowledged that the great oblateness of 
Jupiter, 6,tfOO miles, and of Saturn, 8,060 mUes, must 
Lave a tendency to hold their nearer satellites in the planes 
of their equators, that influence not being so potent on thi-ir 
more distant satellites. The case is probably the same 
with Uranus, and for this reason, as well as from their 
initial motion in a nebulous state, his moons have followed 
the movement of his equatorial plane. The nearness of 
the newer satellites to the planes of their primaries is there- 
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foro partly due to this influence as well ns to their shorter 
periods for becoming far removed. 

5. The small oblateness of the earth, only twenty-sis 
miles, has not had the effect of carrying the plane of the 
moon's orbit along with that of the earth's equator. And 
the earth's gravitation on the moon is extremely small ; 
this ia indicated by the moon's motion, which is only 2,270 . 
miles an hour ; that of the nearest satellite of Jupiter is 
38,000, and that of Saturn's nearest satellite is 35,000 
miles an hour. 

6. The oblateness of the son is only eighteen miles, ac- 
cording to my own compulation. In this respect it nearly 
coincides with our earth. Correspondingly it coincides 
with the earth ia the fact that tlie general orbital plane of 
(he planets is far removed from its own equatorial plane, 
the same as the moon's orhit is far removed from the 
equatorial plane of the earth. In this point of view the 
sun and the earth, with very little oblateness, and with 
their planets and satellites far from their equatorial planes, 
afford a strong contrast to Jupiter and Saturn, with great 
oblateness and with the general planes of their satellites 
near their own equatorial planes. This contrast is signifi- 
cant of the influence of great oblateness ou the orbital 
planes of satellites. 

Thus it appears that the apparent irregularities of the 
solar system, irregnlarities which at flrst view seem to op- 
pose our theory, may all be accounted for by that theory, 
and made foundations for its support. Among tlie many 
different bodies of the solar system, the inclinations of their 
axes to the planes of their orbits, the inclinations of the 
planetary orbital planes to the plane of the sun's equator, 
the ifldinations of the orbital planes of the satellites to the 
equatorial planes of their respective primaries, and the rcb- 
rograde motion of the satellites of Uranus, are all bound 
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up together as effecls of the same cause. That cause is the 
inevitable movement of their ascs of rotation. These move- 
ments are inconceivably slow, yet ■we mast regard them as 
absolutely necessary, nntil we are able to balance a needle 
by dropping it on its point. If these ases do not move, 
then they are the only stable things in the known universe. 
Besides the motions which the axes of all rotating 
globes must be supposed to have received in the first act of 
their formation, there are other influences bearing on them, 
which have been neglected by astronomers hitherto, because 
they are iufinitesimally small. But these are the very in- 
fluences now to be taken iato ■view, because we arc lookiag 
for causes of motions that are iniinitesimally small. The 
motion of the axis of our earth, now poinfing to the pi-esent 
north star, and in 12,934 years to point in a direction dif- 
ferent by forty-six degrees and fifty-sis minutes, is due pri- 
marily, strange to say, to the earth's own rotation. By 
this rotation the ring resulting in the moon was produced, 
and also its present oblateness. The reaction between this 
oblateness and the moon causes the slow motion of the 
earth's axis. Between all other heavenly bodies, including 
the fixed stars, there must in like manner be reactions in 
various ways, producing various strange and unexpected 
effects ; but they have been neglected because they are iu- 
finitesimally small. But really their united effect is not 
so small as is generally supposed. The light from a dis- 
tant star, decreMing all the way inversely as the square of 
its distance, must be infinitely small, and yet the itnited 
light of all these stai's enables ns to walk out at night with 
tolerable comfort. How different is our walk by starlight 
in the fields, from our groping about in a dark room, where 
no light can enter I Gravity from the same stars also de- 
creases inversely as the squares of their distances, and from 
each one it is very feeble ; but from all tofjetlier, it may 
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produce effects, slrargo and unlooked-for effects, during 
many million years. The influence hourly exerted by the 
fixed stars upon each other, and opou each other's attend- 
ants, may be learned in this way. Let any one calculate 
the motion in the fixed stars necessary to counteract by 
centrifugal force the gravity of tie sun, and he ■will be sur- 
prised to find how considerable that motion must be. In 
Alpha Centauri it must be one hundred and forty-flve miles 
an hour. The light of Alpha Centauri is to that of the sun 
as 2^ to 1, and supposing that its mass is in the same pro- 
portion, then our sun must move two hundred and twenty- 
two miles an hour, to gain centrifogal force enough to 
counteract tbe gravity of tlmt star. The light of Sirius is 
63.02 times at least greater than that of our sun, and if its 
mass be in proportion, then our sun must move with a ve- 
locity of five hundred and eighty miles an hour, so that its 
centrifugal force may balance the gravity of Sirius. Thus 
■we find that all the stars visible to the naked eye must be 
a system, and that there must be velocities among them to 
counteract each other's gravity ; that in these motions and 
in these mutual reactions, their axes of rotation, in the 
course of millions of years, may possibly change like that 
of our earth by the influence of the moon. We do not yet 
possess the data for eslimating these interstellar reacfions 
in ail their complicated ways, but we see how they really 
exist. And from these interplanetary and interstellar in- 
fluences we infer that motions of the axes of the sun and of 
the planets may possibly be produced which may account 
for apparent anomalies. Thus there may be two sets of 
causes for the motions of tlio axes of the celestial bodies : 
the one to be seen in the beginning, in the very formation 
of the axes, and the other at the present moment, in the 
interstellar inflnences. 

These motions of the axes and of the orbital pianos are 
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totally difFerent things, and tiepend oa altogether diiFerent 
causes, from those motions of the ecliptic and of the orbital 
planes of other planets in our solar system, which have 
formed the subject of such elaborate research by Euler, 
Lagrange, Laplace, Biot, and others. Let the lines A, B, 
G, D, and E, represent the orbital planes of some of the 

planets. As many moj'e may be 

-"^■^ f, added as there are planets in oar 

Then it is evident that 

a planet at 5 would be impelled 
by gravity toward C, and reciprocally C would be impelled 
toward B, and both planes would be altered. But in their 
continual revolutions, some slowly and others rapidly, they 
would be drawn in contrary directions by other planets, all 
it) their several revolutions acting and reacting on one 
another, and keeping their several planes in constant mo- 
tion, each one vibrating to and fro, but evidently within 
certain limite. This keeping within certain limits by each 
orbit, is called the stability of the solar system. By their 
mntual actions and reactions, the position of the general 
plane of the whole company cannot be permanently changed. 
It must remain constant so far as their reciprocal influences 
are concerned, the same as the man remains at rest who 
attempts to raise himself xip by pulling at the object on 
which he stands. Hence, fi^>m the consideration of these 
forces alone, it has been truly said, that the ecliptic — the 
earth's orbital plane — never has coincided and never will 
coincide with the equatorial plane. This is all plain 
enough. But the nebular theory takes a wider view. It 
goes upon other data. It looks to interstellar influences. 
It looks to impulses communicated to nebular masses ; im- 
pulses arising from irregularities and inquietudes in the 
nebular condition ; impulses comparatively so minnte and 
so far beyond appreciation, that their ciTccts are the mo- 
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tions of the axea only a clegree in many million years. "Wo 
see the efFects of such impulses in the apparent irregular- 
ities of the planes and of the axes of the solar system : and 
we see how those impulses may have originated in the wild 
a^tation of the aebulfe. The most agitated of all regions 
known to man is in the surface of the sun. Those agita- 
tions were doubtless much larger when the sun was much 
larger, and when its surface extended to the orbits of the 
planets. 

The unusual inclinations and eccentricities of the orbits 
of the asteroids probably arose in the beginning fi-om their 
mutual perturbations. As their orbits are so near, often 
interlocking, there may have been very near approaches to 
one another, and these small, light asteroids may have been 
thrown out of their original orbits into others more eccen- 
tric and more inclined. This we know happens to the 



SECTION XXXII. 

Tim HCCEHTEICIIIBS Ol' THE PLANETARY 0BB1T3. 

In the ordinary fables, made before the recent determi- 
nation of the planetary distances from the. sun, the perihe- 
lion distance of Mercury is put down at 29,000,000 miles, 
and his aphelion at 44,000,000. The perihelion of Mars 
is stated at 131,000,000, and liia aphelion at 158,000,000. 
Other planets present similar differences, though generally 
they are smaller. According to my researches, the action 
of gravity on a contracting nebulous globe gives a complete 
account of the origin of these eccentricities. In the nebu- 
lous condition die sun was so oblate fliat the equatorial was 
about double the polar diameter. Now it is nearly a per- 
fect sphere. According to my calculations, the equatorial 
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1 the polar diameter by only eighteen miles ; the 
oblatenesa being only tKe jirJinr P^^ "^ '^^^ equatorial diam- 
eter, which ia qnite inconsiderable. Mcwton, in his " Prin- 
cipia," demonstrated bow to calculate the oblatencss of a 
rotating flaid. He applied his theorem to the Earth and 
to Jupiter, and his determinations were wonderfully near the 
truth, considering the data at his command. Since then, I 
am inclined to the sapposition that the subject Las been 
much neglected by astronomers, and the more so from 
propositions in some recent numbers of the " Monthly No- 
tices of the Eoyal Astronomical Society," for making a.n 
extensive series of micrometrical measurements to ascertain 
the oblateness of the sun. If my calculations be correct, 
the oblateness of the sim is not at all measurable by our 
micrometry ; it is even qnite insignificant when compared 
witli the temporary irregularities of the sun's envelope of 
flame. These irregularities on the contour of the sun are 
said to be easily visible with good instruments on favorable 
occasions. 

Newton showed that the oblateness of a rotating fluid 
depends oa its density, its size, and its velocity of rotation. 
His theorem may be applied to the sun and the planets in 
their former nebulous conditions. Their sizes and densities 
may easily be found, and their velocities of rotation may 
be learned from our familiar inclined plane theorem, as well 
as from the revolutions of the planets and satellites in their 
orbits. I applied the theorem of Newton to the sun, when 
its densities, sizes, and velocities corresponded to the orbits 
and velocities of ^e several planets, and in this manner 
found that during nearly its entire nebular history its oblate- 
ness remained about the same. Next, I applied hia theo- 
rem to the planets, when enlarged to their respective satel- 
lites, and fottnd the oblateness of all to have been at all 
times nearly the same as that of tin- sun. Hence I infer, 
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tiiougb ILave not &e lime to work onl a demonstration," that 
all nebuloas bodies condensing and freely rotating nnder 
the force of gravi^, wliatever be their sizes or densities, 
have the same amount of oblateness. My determinationa 
ia all the above eases make the equatorial to the polar diam- 
eter nearly as two to one. In the nebulous sun, and in the 
planets, the effect of the increasing velocity of rolation, 
naturally causing greater' oblateness, was all along counter- 
balanced by the effect of the increasing density. In them 
all, however, a great change ulllmately occurred. It took 
place apparently when they were near the act of passing 
from a gaseous to a liquid condition. This change was 
caused by the principle of Eetardatlon ; a mighty principle, 
and oae which gave some of the most striking and useful 
characteristica to the solar system. The cause of this re- 
tardation in the velocities of the nebulous globes lias been 
fullyexplained in ft former seetioa. With tiia loss of velocity 
of rotation there occurred of necessity a loss of oblateness. 
It must not be nnderstood that the sun and planets rotate 
with less angular velocity now than fhey did when they gave 
off their last rings, but only that their velocities of rotation 
after giving off their last rings have not kept pace with 
tlieir amounts of contraction and condensation. It is this 
want of due and regular increase of rotation that has 
changed the shapes of all the members of the solar system. 
We will now see how this change in the shape of the 
sun has changed the shape of the orbits of all the planets. 
Take Mercury, for instance. When the sun was expanded 
to nearly the orbit of Mercury, and was veiy oblate, it is 
evident that his influence on that planet was i'ar otherwise 
than if he had been a perfect sphere. In a spherical form 
the influence of his gravity would have been the same as if 

* This deiuonsti-ation, I liavo since found, was made by Laplace. 
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ail Lis materials were condensed at his centre. But iu the 
extremely oblate form the influence of his gravity on that 
planet so sitnated was coasiderably greater. Therefore, 
when the sua contracted, and became nearly a perfect 
sphere, a great change occurred in the force of gi'avity act- 
ing on that planet. That force became much less. Pre- 
viously the centrifugal and centripetal forces had been so 
evenly adjaated, that Mercury revolved in a perfect circle. 
With the lessening' of the centripetal force, what must 
happen? If, for instance, that lessening were made sud- 
denly, it is clear that the planet would rush somewhat tan- 
geatially out of the circle. Its velocity would be too great 
for the diminished centripetal force. In departing out- 
wardly from the circle, it would go on until its speed was 
gradually checked by the centripetal force, and then, like a 
comet, it would be brought back again in an elliptical orbit ; 
and in such an oi'bit it must forever run, unless affected too 
much by perturbations from other planets. The change 
from the oblate to the spherical form of the sun was not 
indeed made suddenly ; but even a slow chaage in the shape 
of the aun would produce a corresponding slow chacge in 
the shape of the planet's orbit. 

"What is true of Mercury is true of the other planets. 
They all began their orbits in perfect circles, because their 
original ring forms parted evenly all around from the equa- 
torial zone of the sun, which was perfectly circular. "When 
the rings broke, their materials, in globular forms, ti-avellod 
round in the former paths of the rings. The sun was once 
in the near vicinity of all the plaaeta, and in the same ex- 
tremely oblate form. Since then the sun has assumed the 
nearly spherical form, and his force of gravity on all the 
planets has become less. Hence, like Mercury, they 
must all have departed from their perfectly circular orbits, 
and run into ellipses. Therefore, so fivr frora. beiii;:; an ob- 
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jection to my theory of the action of gravity in the format 
tion of the solar system, the elliptical orbits are an absolute 
necessity according to that theory. 

The only difficulty in the case 13 to obtain a demonstra- 
tion how hy their mutual pcrturbaliona the eccentricities 
of the planetary orbits have been modified so very differ- 
ently from one another. These planetary perturbations are 
the most perplexing of ah the departments of mathematical 
HStronoiny. The case of our mooa is a good illustration. 
The lunar theory has been the subject of an hnmense 
amount of labor since the time of Newton ; and it was 
perfected only a few years ago. It would have been pro- 
nounced to be perfect a hundred and fifty years ago — for 
even then it seemed complete — but unhappily the open fact 
was before every observer, that the real motion of the moon 
was not altogether according to the theory. Some of the 
data had been overlooked in the calculations, and the 
trouble was how and where to find them. But when com- 
pared with our mundane system, how much more com- 
plicated is the problem o£ the whole solar system 1 All 
the planets are continually influencing one another, and 
there are not only no two months in the year, but there 
have never "been two months in their entire existence, when 
the influences on any one planet have been exactly the same. 
How, then, is this difficult and complicated web to be un- 
ravelled? Plainly it is impossible. It maybe said that 
some of these inflnences are so infinitesimally small that 
they need not he taken into account. They need not indeed 
for soroe practical purposes, when an approximation only is 
all that ia required. But when these infinitesimal quanti- 
ties are going on, and adding up all the time during hun- 
dreds of millions of years, they become palpable and great. 
Nevertheless, it is an established fact that the eccentricities 
of the planetary orbits may be chan^^ed by their mutual 
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perturbations; but the extent of these chanf,e=!,'nhBa IIig ex- 
treme minor iufluencef during milUona of years are to he 
reckoned, is not known, and probably never will be known. 
Respecting the alterationB now going on in the eccentricity 
of our earth's oibit, there are some di&aijreements among 
mathomatieal astronomers, and well there may he, conbid- 
ering the mazea of dUiicultie? to be encountered. It is 
cheerfully and thankfully granted that the problem of the 
stability of the solar system has been solved ; but the 
changes to be effected in all the planetary eccentricities for 
millions of years is a very differcEt problem, and this has 
not been solved. The satellites of Jupiter offer a moMt 
striking illustration of the influences that celestial bodies 
may exert on each other. The three nearest have mos-t 
remarkable relations to one anotlier in their motions, and 
Laplace has shown that these relations may have in part 
been caused by their mutual gravitations. 



SECTION xxxm. 

I. METE0EITE9, AH1> COMETS, 



The orbits of the asteroids are generally interlinked ; 
that is, they are so near together that the perihelion dis- 
tance of an outer asteroid is nearer the sun than the aphe- 
lion distance of an inner one. They are probably a few 
hundred in number, about eighty having been discovered 
in the last twenty years, and they are included within a 
belt about 150,000,000 miles hroad. In view of the di- 
mensions of the rings which forme'd the planets as given in 
the thirtietli section, we cannot suppose that a single ring 
occupied all the space within the asteroid belt. Therefore, 
the asteroids must have been formed from many rings, of 
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portions of rings ; and the same ring, or portion of a ring, 
may have broken up into several asteroids. This is the 
more prohable, on account of the great diaturhing influence 
of the greatest of all the planets, Jupiter, in their near 
neighborhood. The eccentricities of theiv orbits, and the 
departure of those orbits so far from the general planetary 
plane, may have been caused by mutual perturbations, 
especially in their beginnings. 



In the rotation of a nebulous globe havinn; the usual 
extreme oblateness, it must often happen that the centrip- 
etal and centrifugal forces are nearly enough balanced to 
give off a small amount of matter, but not a large ring. 
The small amounts of matter might not be in the form of 
continuous unbroken rings. There must have been violent 
agitations in those ancient nebulous masses, the same as 
there are still violent agitations in the sun. Tins unrest 
was favorable to unconnected separations in small amounts. 
Even very thin rings, too feeble in their gravitations to 
collect in a single planet, must have broken up into small 
fragments, some perhaps when solidified not larger than 
a pebble. Such small firagmcnts might be parted from the 
sun, and then they would be of a class with the planels and 
asteroids, or they might bepiitedftom the planets when 
in a nebulous stiate, -Mid then they would be of a (.la^s wifh 
the moon and the other satelhtts On account ot their 
small ma'^es they would he subject to unusutl pcrluibv 
tions, inl from theso tstiaia^nt wandermjrs they might 
come m (oUi=ion mth the lirger celestial bodies and then 
there would be a fall of meteoiites Their bursting with 
loud explosions, then angulii toims, and their semi fused 
and subsequent semi-vifrihed surfaces, would be the netes- 
saiy conHeqni.nci.s of the uddcn change flora tl e exticme 
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coldness of space to the tigh temperature produced by 
friclioB through our atmosphere. Their violent velocity ia 
an indication how high that temperature must he. Pouiilet 
and Espy, by entirely different methods, reckon the temper- 
ature of space outside of our atmosphere to be two hundred 
and twenty-four degrees below the zero of Fahrenheit. I 
believe the temperature of space to be at least a hundred 
degrees lower than that. The rapid change from so low 
to so high a temperature wonld be like tlirowing a cold 
stoue into the fire. The wonder wonld be, not the explosion) 
but the absence of an explosion. 



The (irigiu of comets, of tbeir motions, and of their 
nebulous characters, may be easily accounted for hy the force 
of gravity acting on a contracting nebulous mass. It is not 
necessary that all naatter should condense into solids ; like 
the atmospheres of the planets, it may he natural for some 
bodies always to remain in a gaseous or semi-gaseous con- 
dition. The origin of comets may be precisely like that of 
the meteorites ; they may he small portions of matter 
tkrown off in all regions of space, sometimes between the 
orbits of the satellites, sometimes between the orbits of the 
planets, and sometimes far beyond the orbits of any planets. 
Some portions of matter may have remained almost an 
infinitely long time floating midway between our sun and 
the nearest fixed stars. After losing their balance, they 
may begin their wanderings in parabolic and hyperbolic 
orbits, visiting now one solar system and now another. 
Some, for instance Lesell's comet, have been turned from 
their hyperbolic into elliptical orbits around the snn ; and 
in this way they may receive retrograde motions. At leaat 
a dozen comets of the shortest periods exhibit strong prob- 
abilities of having been produced by the sun since the 
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separation of llie ring that formed Satnm They iio 
always witliin the orbit of Saturn ; they move, like the 
planets, from west to east ; the planes of their orbit? are 
not far from the orbital planes of the planets lud is tin, 
orbits of the asteroids are more eccentric thtn those of the 
planets, so the orbits of these comets exhibit another and a 
greater departure irom a circle. These eccentncit ea may 
be moat easily accounted for by perturbations beaiu e we 
tnow perfectly well that from time to time the crbits of 
comets are very greatly changed by proximitj to the 
planets, especially the great planet Jupiter. 

The tails of comets come no more within the province 
of the nebular theory than the aurora borealis of our earth. 
Both these pbeuomena belong to other departments of 
Science. But we must distinguish between the permanently 
gaseous condition of some comets and the tails of others. 
These tails are probably temporary, and produced by the 
nearness of the comets to the sun. 

Thus tlie nebular theory leads to the conclusion that 
there are small and continuous gradations between planets, 
aatcllites, asteroids, meteorites, and comets. 



SEOTIOH" XXXIV. 

DOUBLE, TEIPIE, AHD MULTIPLE STAES.-<;LUBTEUa 01' STAUS, 

Eefbkbnce has already been made to the dliferent den- 
sities of the several layers around the nebular masses. 
These different densities are the reason why from a rotating 
nebulous globe the outer materials on the equatorial zone 
were separated intermittingly as distinct rings, and not con- 
tinuously as one broad disk. The same fact cKplains why 
the nebulous globe forming our nniiidane system separated 
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into two bodies, tho moon and tbc earth, so nunrly of l.lie 
same size, their diameters being 2,153 and 7,912 miles. 
Dynamical laws give the same results, whetlior on a largo 
or a small scale. They have, (lierefore, made the small sys- 
tem of Jopiter a faithful exemplar of the great solar system. 
Instead of a small nebulous mass separating iuto two parts, 
forming our mundane system, a very large nebulous globe 
might, by the same laws, separate into two parts, and that 
would form a double star. Our earth and tbe moon are 
in fact a double star. Once tbey were bright, and shone 
with an independent light, like the members of the small 
double star of Gamma Andromedae, which revolve around 
their common centre of gravity, and this centre around their 
primary, the same as our earth and moon revolve around 
their common centre, and this centre around the sun. 

Other stars affords other similar illustrations. These 
are in truth examples at the same time both of double and 
triple systems ; the same as if our solar system consisted 
only of the sun, the earth, and the moon. In the same 
way there might be quadruple aad quintuple systems, and 
also multiple systems consisting of hundreds of stiu's ; as 
oiir solar system consists of more than a hundred members. 
The fact of luminosity or want of luminosity does not touch 
the dynamical question. Neither does it oppose the nebular 
theory. On the contrary, these differences in light con- 
firm that theory ; for, according to the nebular theory, lumi- 
nosity is a mere question of time. All celestial bodies must 
have been luminous once ; all will in time be dark. This 
view of that theory is upheld hy current facts ; for we know 
how several stars in modern limes have lost their light, the 
same as our earth, and all the members of the solar system 
but one. 

Double stars, therefore, may be formed by the nebular 
theory ^ well as any others. They offer no peculiar difli- 



Hcssdb, Google 



DOUBLE AND MULTIPLE STAES. 297 

culties, nor aro wc in the least led to esplain tlieir origin 
by any peculiar process. As compared with our mundane 
system, they are mere matters of size ; and size causes no 
difference iti the action of dynamical laws. These laws 
must perform in the same manner, whether tlie bodies 
be small, as in the case of the mundane system, or large, 
as in the case of Castor op Alpha Centaiiri. Hence it is 
that already there have been discovered nearly 7,000 double, 
triple, and multiple stars. Each member of these may have 
its planets, as in the trapezium of Orion, and each planet 
again raay have its satellites. 

It is no argument against the revolving nature of these 
systems, because in so many cases we can detect no change 
in lleir relative positions. Their common proper motions, 
and the extreme improljabilily of such justapositions by 
mere chance in perspective, stow deir physical connections. 
I have already shown that the differences between the ma- 
terials of one star and another may be so vastly great as to 
be comparable to the differences between the several ele- 
ments of our earth, as platinum and hydrogen. And if 
some stars are composed of extremely rare materials, then 
their gravitation must be extremely feeble, and consequently 
their revolations must be extremely slow — so slow as to 
require ages for their detection. 

GLOBCLAR CLUSTEE8. 

From what we have learned of our solar system, wo 
cannot suppose, that, in a system of multiple stars, they 
should all revolve in the same plane around their common 
centre of gravity. We have seen reasons for a departure 
from a common plane in the cases of the asteroids, the 
planets, and the satellites. These departures may be so far 
that the plane of one orbit may be nearly at right angles to 
another ; tbat is, one may depart, like Pallas in our solar 
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syfltem, thirty-fivo degrees on one side of the cotoiboti plane, 
and another the Bame distance on the other side, and then 
to us this would appear to be " a glohular cluster." Such 
a aystem might be as stable aa ours. 

We cannot begin to set limits to the numbers of stars 
that are possible in such clusters. Venus is alone. The 
system of the earth is double. That of Jupiter is quintuple. 
That of Saturn, counting his rings, consists of twelve mem- 
bers. The solar system consista of more than a hundred 
already known, and more are being discoTered at the rate 
of four per annum. Other systems count by thousands, 
and others again by nailhons of stars. This brings us by 
insensible gradations from a single star like Venus to the 
MobulEe, and all witliout varying in the least from the same 
force of gravity, operating on condensing nebulous masses. 
In that operation the hiwt 'step is to make them round ; the 
second la to make them rotite , the third is to separate 
them by centnfU(,al and centnpetal ijrcea into other cluster- 
ing systems The^e sj stems are in T^rlous aa the leaves of 
the forest, no two being tlike This very diversity is nalr 
UToX. And it IS a neee'isaiy consi-qaunec of our theory. 
It results frrm unilorm laws acting on unlike nebulous 
masses Why, it miy bo askod, were they unlike? For 
the same reason thit ill tho clouds m our sky are unlike. 
No two clouds were ever of the same shape, size, and den- 
sity. From similar principles, when the materials of cre- 
ation were equally, or nearly equally, diffused through all 
known space, and then broke up into separate cloud-like 
nebular masses, tliese masses must all have been different. 
Now the great fact that the ncbtilar theory accounts for all 
this diversity of systems in the heavens — diversity, as far 
as the telescope can reach — is a powerful conflrmatioa of 
that theory. 
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SEOTIOH" SXXV. 

THE TAEIOCS FORMS 01' NEBULA OR 8IDEEBAL STSTEMa 

We caa understand how a great nebulous sphere might 
contract without rotation. If perfectly round, and undis- 
turbed from without, all its particles, exterior aa well aa in- 
terior, would settle in radial lines toward tho centre. We 
can understand how a contracting nebulous mass might 
rotate, and yet not produce a ring. The rotating layer 
OQ the exterior might be so thin and light in the begin- 
ning, that, as it grew more massive in gaining materials 
from the nnrotating interior, the friction ia this process 
might all along keep the centrifugal a little leas powerful 
than the centripetal force. Then, of course, there could be 
no ring. Such cases are not only supposable, but they 
have actually occurred in the interior planets. Mare, Venus, 
and Mercury, and the asteroids and satellites. We cao 
also understand how a continuous ring might be formed in 
the shape of a dist ; the ring, for instance, beginning to 
part at Neptune, and continuing to Mercury and even far- 
ther, thus forming a flat round plate. Such a production 
would require a nebulous mass perfectly homogeneous ; for 
if it were made of layers of different densities, and these 
passing from one to another by sudden transifions, then 
separate rings would result. Moreover, in the foimation 
of such a disk there must be very little or no retardation. 
We can understand, also, how in the absence of retarda- 
tion such a disk might include all the matter of the original 
nebulous mass ; so that after it was perfected from (he cir- 
cumference to the cenfre, that central part of the disk might 
not be thicker than the region toward the circumference. 
If, for instance, the ring separated from the central globe 
for the distance of two degrees on each side of the cruiato)', 
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these degrees would l>e greater on tie globe when large, 
and llicy would grow eraaller as the gloLe grew smaller. 
Thus the disk would grow thinner toward the centre, but, 
as a compensation, it wonld grow denser. Thus every par- 
ticle or atom of the fluid disk would continue in its own 
orbit around the common centre of gravity. But we are 
supposing that chemical action is continuing, and therefore 
contraction is going on. What, under this continued con- 
traction, would be the fate of the disk? It must contract, 
but, on account of the centrifugal force, it could not move 
toward the centre of the disk.* Tlien the result would be 
this ; Just as originally, when matter was equally diffused 
through all known space, it broke up like a continuous 
cloudy stratum into separate nebulous masses, so the same 
thing might he repeated in the stratum of the disk. It 
might break tip into thousands of separate masses, each 
mass rotating on ila own axis, and revolving around the 
common centre of gravity. This might take place on a 
very large scale — more easily on a large scale than on a 
small one ; the same as a large planet is more likely to have 
rings and their resulting satellites than a small one. It 
might take place on a scale as large as the entire space 
within the ring of the Milky Way, and even larger. And 
then the disk, in breaking up into separate masses, each 
mass forming a solar system, might tluB produce millions 
of-fixed stars. Thus, by keeping close to our principles, 
and working them out on a large scale, we come to results 
precisely like facts which exist, and which we see scattered 
generally through space. There are many clusters of stars 
which, from the faint appearance of flieir blended light, 
seem like clouds, and they are tJierefore called Nebula. 
Many of them are conspicuous for the regularity of their 
forms, and they are exactly each as may be accounted for 
on the principles of the nebular theory. 
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Siieli a disk as we have jast supposed, broken up into 
many thousands, it may be into many millions, of stars, 
would be called by astronomers a " Planetary Nebula." 

If, instead of an even distribution of the stars in such a 
disk, there were a crowding together in close proximily 
toward the centre, giving that centre, at a great distance, 
almost the appearance of one lai^ star, then such a cluster 
would be called an " Elliptic Nebula." Such a crowding 
together toward the centre of the cluster is plainly pos- 
sible, the same as the planets are in closer proximity iu the 
central region of the solar system. If the planes of such 
disks were at right angles to the visual ray, they would ap- 
pear i-iitular, and if thev were mchned to that ray m 
laiioos degrees, they would appear elliptiuil, with laiious 
dcgiees of ecc>,ntncity 

It, in any of these pl'uietary or elliptical nebul-«, mmy 
ol the individual stars ■were not to continue the ii revolu- 
tions in the plaue of the original di-k, but i^crt to Itjart 
from that plant, by perturbations, some on one side, iy 
thirtj fl\e de^Tce'^, like Pillas, and loiae equally fir on the 
other side, then such an assemblage of stars would appear 
to us under a globular form, and we would call it a " Globu- 
lar Nebula." Thus, on the same principles, there may be 
globular nebulffi on a large scale, as well as globular clas- 
ters on a small one. 

If, instead of a close proximity of stars toward the 
centre of the disk-like cluster, there were really one sharply 
deflncd, largC) bright star, then the cluster would be called 
a " Nebulous Star." It would correspond to our solar sys- 
tem, with a single great member in the centre ; but instead 
of a hundred attendants formed from rings, it might have 
hundreds of thousands formed from nebulous masses, into 
which the original disk broke up. The great central star 
might be single, or it might be double, and formed like 
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other double stars. Then, of course, the many aniaUei 
attendants might revolve around their commoa centre ol 
gravity. 

In the solar system, the largest rings produced were 
not toward the centre, but far from it. The rings results 
ing in the four exterior planets were much larger than 
those forming the four interior. So the outer portion of 
the disk might possibly absorb by far the largest amount 
of all the matter of the original nebulous mass. If an 
outer ring, or outer portion of the disk, were very large, it 
would attract the matter of the inner portion of the disk 
toward itself; for that matter, being equally acted upon by 
the centripetal and centrifugal forces, would receive an oul^ 
ward motion by the gravity of the large outward portioa or 
ring, and thus that ring would increase in size. After- 
wards, when by contraction the whole were broken up 
into stars, that system of stars would present the appear- 
ance of a ring, and would be called an " Annular Nebula." 
The stars inside the ring might be fewer and less crowded 
than in the ring, and such an assemblage in the heavens 
might be compared to " a hoop covered with gauze." The 
action of gravity, in changing a disk into a ring, depends on 
the truths that a particle anywhere within a spherical shell, 
and infiaenced by the gravity of that shell, would remain at 
rest ; but within a ring, unless precisely at the centre, it 
would move outwardly toward the nearest part of the ring. 
These theorems are handsomely demonstrated in Ilerschcl's 
" Outh'nes," Sec. 735, note. 

This last class of objects is like our own sidereal sys- 
tem, consisting of an anuulus, or ring of the Milky Way, 
and a stratum or disk of stars stretching across the whole 
interior of the ring. Our stellar system, therefore, consists 
of at least two regions, which we may distinctly describe, 
although really the two may verge up closely together, and 
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t!ie liue of junction cannot lie dcfln 1 P 1 tl t 
rsigiona of our stellar system, tlier m t i th 1 

lying beyond tlie Milky "Way, and t f m 11 

subordinate syatenis of stars, whi h ft m tli t d s- 

tauce, appear iu powerful teleseop hk f t p t h f 
light. These outer subordinate syst ms m yh 11 th m 
relation to the ring of the Milky "W y th y t m f 
Jupiter, Saturn, and Uranus hold to th f h t 

roids. But the relative sizes are d Th t 

systems are probably small when mp I w Ii h 
of the Milky Way, whereas the sjtm fth t jl 
ets are large when compared with th ast d 

The evidence that the stars in d f th M Iky "W y 
are disposed in the form of a disk t t m j p 

the fact, that when wo look out at ^ht 1 tr m tl 
plane of the Milky Way, we see mp t ly f t 
and as we direct our view more 1 m t 1 th t 

ring, the stars become more and m n m Tl 

plainly beeaase we look more in th 1 t f tli ( 1 
of the disk. 

The evidences that the Milky W y lly f 

stars, appear from the fact that th t mj fl t 

luminous band are generally not f f m th m la 
thus indicating that their positions t y f fr m be 

ing equally distant. The telescope j tir ly tl u h 

the Milky Way, and then the black 1 f fi t p 

apparently void, meets the eye. Dark patches, nearly desti- 
tute of stars, and in some instances sharply defined, appear 
in the MUky Way, and these can be easily understood, if 
we regard that luminous hand as a ring ; but if we regard 
it as a stratum, and continuous with the stars nearest to us, 
then we must suppose that tabular openings, clearly defined, 
ostoad off in straight, radiating lines in different directions 
all the way from our own position through tiie stratum of 
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Stars out to the utmost lioimds of tboir positions ; a suppo 
sition which no intclligeat astronomer will ever make. 

The evidences in favor of the thb'd region of our side- 
real system are these ; In the region of the Milky "Way, or 
close to its borders, appear nnmerous faint Eebnlse which 
have not been resolved hy the telescope into stars. Thi? 
want of resolvability indicates simply the distance of these 
great clusters of stars. The question now arises, whether 
any of these belong to our sidereal system, or whether they 
are independent systems on a par with our own. They 
may possibly be the results of rings outside of the Milky 
Way, concentric with it, and formed originally from the 
same immense nebulous mass that afterwards gave birth to 
the Milky "Way. Now they are broken up into subitrdi- 
nate systems, analogous to the systems of Jupiter, and 
Saturn, and Uranus, outside of the ring of the asteroids. 
There is a possibility of this, and when we have the re- 
peated testimony that these irresolvablG nebulas of a peculiar 
character, distinguished as a class by their irregnlariliet,, 
occur only in the ring of the Milky Way and near its bor- 
ders, the nebular theory immediately suggests its own pe- 
culiar reasons for their position, and gives a probability 
that they all belong to our sidereal system, and make up its 
third great region.* The theory of gravity acting on a 
contracting nebulous mass may tlms be generalized and 
made to account for the exiateoee of all the heavenly bodies 
and all their different modes of assodation. By that theory 
we can see no begimiiog, except on the supposition thw.t 
matter was onee universally diffused throagh all known 
space. The first grand masses into which it separated, 
formed sidereal systems of various shapes and sizes — plane- 
tary, elliptical, globular, annular, and stellar nebulas. Our 

* " Outlines," See. 8G9 and 883. 
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own stellar system belongs to the annular form of ncbnlte. 
It consisted of perhaps several rings, and of a central disk. 
All the exterior rings are broken into several subordinate 
stellar groups. The interior and the largest of the rings 
did not break into different parts so as to lose all traces 
of its original form, but it separated into stars millions in 
number, which still occupy the primary position of the ring. 
The disk interior to the ring also separated into stars, or 
rather into groups of stars, like our own solar system, the 
systems of double, triple, and multiple stars, and occasion- 
ally into larger clusters like those of the Pleiades, Kappa 
Crucis, Coma Berenices, Prcesepe, and others, 

These several divisions and subdivisions can be better 
understood and. remembered when stated numerically, as 
follows : 

The first division was when the original eijually diffused 
material of creation separated into stellar systems. 

The second, when, for instance, our stellar system sep- 
arated into different regions, as the central disk-like stratum, 
the ring of the Milky Way, and other rings beyond and 
now broken into minor systems. 

The third, when our stratum inferior to the Milky Way, 
and also the Milky Way itself, separated into parts, which 
afterwards formed solar systems like our own, and also 
double, triple, and multiple stars, and clusters of stars. 

The fourth, when our solar system separated into son 
and planets. 

The fifth, when the planetary bodies divided and formed 
satellites. 

When we follow out the nebular theory to its logical con- 
sequences, we necessarily arrive at a point when all rnatlcr 
was equally diffused, or so nearly equally diffused as to appear 
such to our conceptions, although aa absolute equality of 
diffusion need not be supposed. That would be unnatural ; 
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for neither in solids, liquids, nor in gases do we ever seo 
an absolate equality of diffusion when on a large scale. 
This waat of absolnte equality would account for diveraitiea 
in shapes, sizes, and densities of the original nebular masses 
before their rotations began. From these diversities in the 
original nebulous masses would result, as we have already 
seen, an iuiinite dipersity of systems and sub-systems. 

Of the nebulie with apparently irregular forms, we need 
not speak. We do not know that really they are irregular. 
They may appear snch at our great distance for several rea- 
sons, even though they may be perfectly regular. It is 
enough for om- theory that so large a number of regular 
nebulous forms may bo accounted for. 



SECTION xsxvr. 

A CENTEAL SUXJ 

Is this account of the sidereal system to which our own 
sun belongs, I have said nothing of a central sun. Both 
the nebular theory and direct observation show that some 
sidereal systems have large central suns, but that our 3wn 
system belongs to a class which can have no such great 
controlling central body. We have already seen, in study- 
ing the operations of contracting nebulous masses, that 
such a mass might contract and solidify without producing 
a single ring, and hence it could have no attending body. 
This was the case with the nebulous masses that formed 
the interior planets, the asteroids, and the satellites. The 
same might occur on a large scale, providing the nebulous 
masses were to begin with a nearly round form, and hence 
with a very shallow rotating current. Then as the current 
deepened by friction, it might, during the entire period of 
its contraction, be so much retarded as to keep the centrif- 
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ugal force always a iittle weaker thau the ecntripelat force, 
and hence there could be no riug, and no attending reTolv- 
iDg body. Frona such an extreme case there might be 
almost an infinite series of sidereal systems, differing from 
one another by small gradations. The nest step in the 
series might have one attendant like our eanh ; the next, 
foar like Jupiter ; the next, eleven like Satm-n ; then, a 
haadred like our sua ; then greater and greater nmnbers, 
until we come to those sidereal systems which are called 
nebulous slars, consisting of a great central sun, and per- 
haps millions of smaller suns revolving around it. But, 
both by the nebular theory and by observation, the series 
cannot stop here. The further process is the reduction in 
size of this central sun, and consequently the comparative 
increase in the numbers and sizes of the attending suns. 
The attending suns may, at last, equal the central one, 
and, from being more closely crowded toward the centre, 
the system would be called an elliptical nebula. The aeit 
step is to have the suns no m.ore closely disposed in the 
central than in the exteriur region of the disk-like stra- 
tum, and such a sidereal system would he called a planetary 
nebula. The next and last term of the Pcrios is to have the 
suns m.ore closely arranged together around the exterior 
border of the disk, aad this would be called an annular neb- 
ula. This last is the form of our own sidereal system, 
and hence it is the farthest of all removed from haviag a 
central sun. There may possibly be suns, one after aootlier, 
from time to time, temporarily occupying in their move- 
ments the centre of the system, but such an accidental 
central sun would not fulfil our idea of a great controlling 
central son, holding by its gravitation the other surrounding 
bodies in their orbits. 

The question now arises. What can cause a nebulous 
mass to take any special place in this series ? Why should 
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it condense so as to become altogether a central body, or 
mostly a ring of stars, or any one of the numerous inter- 
mediate forms between these two extremes? If the nebu- 
lous masses bo very large and very rare, such as are neces- 
sary for the produetioa of a sidereal system, then we 
can see but one cause for their positions in the series, 
and that is retardation. The greater the retardation, Iha 
more cenlral would be the condensation of the nnjiss ; the 
less the retardation, the more quickly would the centrifugal 
equal the centripetal force, and then the movements toward 
the centre would bo arrested, and the nebulons matter Wfuld 
condense into stars far from the centre, perhaps so far as to 
form a crowding of stars on the exterior border of the sys- 
tem, A very large external ring already broken up into 
stars, might so far disturb the equilibrium of these two 
forces as to draw the stars of the interior disk-like stratnm 
outwardly, and thus increase the numbers in that exterior 
ring. Thus the principle of retardation, which, aa we have 
seen, had so much to do in giving the present characteristics 
to our solar system, mast, by the same dyaamical prin- 
ciples, have had an equal agency ia giving their characteris- 
tics to other systems, to clusters of stars, and to the various 
forms of nebulre, which are so many various sidereal 
systems. The amount of retardation which a contracting 
mass receives must depend mostly on its original shape. 
K compact in form and nearly round, the retardation would 
bo great ; if very irregular, the retardation would be small. 
The more scattered and irregular, the more the interior would 
be put in motion in assuming the spherical form, and hence 
it would not receive its rotatoiy motion alone by friction from 
the exterior layer, and hence, also, it would not retard that 
exterior. This, however, is on the supposition that the 
motions of the exterior and the interior are in tlie same 
direction, which, in general, they would most likely be. 
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We cannot say that on dynamical principles a central sun 
18 a necessity in order to secure stability and permanence. A 
greatsystemofbodies, for auglit we can see, may revolve with 
just as much stability around their common centre of grav- 
ity as around apowerfally attractive central body. To my 
mind the stability of a system seems far more secure when 
the revolutions are around a common centre of gravity 
which is absolutely vacant space. For ften there can be 
no collision with such a centre. 

Moreover, simple observation is as strong as any argu- 
ment can be, to prove that our sidereal syst«m has n.o cen- 
tral sun. If it esibteil, it would be luminoas ; for, like oar 
sun, the central body, being larger, must retain its luminos- 
ity longer than its attendants. But we sec no such large 
central body in our system, although we are situated 
very nearly where it ought to be. The facts which prove 
that we are not far from the centre of our sidereal system 
are these ; First, we are near the plane of the Milky Way, 
because that ring apparently divides all space into two 
nearly equal parts. Secondly, we are nearly equally dis- 
tant from every part of that great ring, because it appears 
on every side nearly equally bright. Glowing descriptions 
have been given of its greater brightness in the southern 
hemisphere, but these convey rather the surprise of travel- 
lers, the expression of their emotions, at a greater degree 
of brightness, than an accurate scientific comparison, and 
therefore they are apt to mislead. My own observations 
were frequent and careful during more than three years, 
and my recollections are very vivid, although a quarter of 
a century has elapsed. The general efi'ulgence of the 
heavens in some southern regions is very strong, but in my 
opinion the effect on the mind arises from the assemblages 
of large stars such as the Southern Cross, and conspicuous 
nebuliB, sttch as the Magellanic Clouds, as much as from 



Hcssdb, Google 



310 PROPEE MonOHS OP FIXED STAES, 



the superior bi-ightncss of tbo Milky Way. Still, on a"> 
count of that superior brightness, we are a little nearer to 
that great ring in the southern direction. Thirdly, we are 
not far from the central plane of the stratam of stars inside 
the Miliy "Way, because in counting the stars within equal 
degrees of nearness to both poles of the Milky "Way, their 
numbers are not far from being equal ; whereas, if we 
were on or near one surface of that stratum, the stars would 
be exceedingly more numerous in the direction of the oppo- 
site surface. While, therefore, we are not exactly in the 
centre of our sidereal system, we are nearly there ; and if 
a great central sun existed with a size proportionate to the 
system, we would be dazzled and burned by its rays. The 
motion around it of our solar system would he rapid be- 
yond all comparison, and we would quickly see correspond- 
ing real and apparent motions of the iixed stars. Their 
real motions would be enormous, to counteract the cen- 
tripetal force of so great a central sun. 



SEcnoN" xxxvir. 

THE PEOPER MOTIONS OP THE PIXED STAR3. 

TnE forms of the yarious sidereal systems may faiily bo 
regarded as inevitable consequences of gravity acting on 
contracting nebulous masses. We Iiave seen how nebulous 
stars, elliptical nebulte, globular nebulas, planetary nebulte, 
and annular nebula are just sach forms as must result from 
contracting nebulous masses under the influence of gravity. 
The forms of those several clusters must depend on the 
amount of retardation ; and the amount of retardation must 
depend on the original shape of the nebulous masses before 
the spherical form was attained. If compact and nearly 
round, i-ciardation must have been great; if very irrcg 
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ular, scattered, and straggling, then retardation would be 

All the evidences which prove that the nebulte received 
their regular forms fi-om the action of gravity, prove also 
that the proper motions of the stars were caused bj gravity. 
In our solar system the same force gave both form and 
motion, 

The proper motions of the fixed stars are not a mere 
theoretical assamption. It is a well-gronaded fact. Those 
motions must have been derived from some powerful cause. 
Gravity we have found to be such a cause. It lias given 
motioa to the stars of our solar system ; and these stars, 
although from their relation to the sun they are called plan- 
ets, must nevertheless he regarded as of the same nature as 
suns and fixed stars. The reality of their being fixed stars 
we saw well established in the beginning of this volume, 
and now we see another of its logical consequences. The 
same cause which formerly lighted up onr earth in a 
blaze liko_ the sun, must also have lighted up the other 
stars ; and the same cause which gave its rapid motion to 
our earth, must in like manner have given tlieir motions to 
the other stars. 

The grounds of our belief that gravity was the cause of 
the motions of the fixed stars are therefore more than one : 
first, gravity has caused the motions of some stars — the 
planets, which are of the same general class as the fixed 
stai's ; secondly, gravity has given those distant sidereal 
systems their various regular forais, and therefore it has 
given them their motions. Another ground for this belief 
is seen in the fact, that we know of no other physical cause 
adequate for producing such motions, and we can conceive 
of no otiier physical cause. 

One of the greatest unsolved problems in astronomy in 
our era is tKe combined system of movements of the stars 
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of our own sidereal system. It is worthy of the application 
of the highest talents and of the largest learning, and it 
seema to invite especially the devotion of young men who 
may mate it their iife-long labor. There are ot least four 
aids and encouragements to undertake the wort : first, the 
form of our sidereal system, which is a ring with an interior 
disk-like stratum, and both the ring and the stratum lie in 
the same plane ; secondly, our position in the system, which, 
as aJready shown, is near the centre ; thirdly, the origin of 
the system and its motions, according to the nehular the- 
ory ; fourthly, the present calculable influence of the stars 
on one another, such particularly whose distances are 
known. 

The aid we may receive in the solution of this great 
problem, from our position near the centre of our sidereal 
system, may he estimated by our relation to our solar sys- 
tem. How much more simple would the motions of the 
planets appear from a central point, like the sun, than from 
a half-way position, as on our earth ! Knowing, therefore, 
our stand point in our sidereal system, we may put together 
the motions of the fixed stars with the more confidence and 
hope «f final success in unravelling the great mystery of 
their intricate dance. 

The first hint which the nebular theory supplies is, that 
the general motions of the fixed stars of our sysiem are in 
or near the plane of the Milky Way. The second is, that 
generally these motions are in the same direction. The 
third is, that the orbits of some stars may be much inclined 
to the plane of the Milky "Way ; and that two orbits may 
he inclined in opposite directions, and hence their motions 
may be nearly at right angles to each other. The fourth 
ia, that there are subordinate systems in the general stellar 
system ; the same as there are planetary systems within 
the solar system. A few stars which partake of the com- 
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mon direct motion in the plane of t!ie Milky Way, may 
appear to us to have a contrary motion, the same as some 
planetary motions seem retrogi-ade. 

Vast as this problem of stellar motion may appear, we 
are not certain that it is really more diiHculttlian that which 
was solved by Copernicus. But the number of objects is 
far greater, and their apparently slow motions may require 
vast labor and a long time. 

Much assistance may be derived from the facts that the 
fised stars are at this moment exercising a powerful iuflu- 
eBce on one another through the force of gravity, and that 
■when their distances are known this influence is calculable. 
E«cently, after computing the amount of this influence, I 
was astonished at its greatness aud its impoi^aoce in a scien- 
tific point of view. I found that the force, of the sun's 
gravity on Alpha Centauri is such, that to avoid falling 
into the sun, that star must move at right angles lo its 
present dii-ection at the rate of one hundred and forf}--five 
miles per hour. The light of Alpha Centauii is esti- 
mated to be 2.32 times greater than the sun's, and if 
his mass holds the same proportion, then the sun must 
move two hundred and twenty-two miles an hour at 
right angles to the direction of Alpha Centauri, to aioid 
falling into that star. This is on the supposition that the 
sun is acted on by the mass of Alpha Centaiwi alone. 
Sirius has a light at least sixfy-fhree times greater than 
tliat of the son. One computation of good authority, that 
of Clai-k, of Boston, makes its light more than two hundred 
times greater than the sun's. But if the mass of Sirius 
exceeds the sun's only sixty-three times, then, on the sup- 
position that the sun is acted on by the mass of Sirius alone, 
it must travel at the rate of five hundred and eighty miles 
an honr in or near a circle around that great star, to gain a 
centrifugal force equal to its centripetal force. Two mctii- 
14 
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ods for calculatLag these reaults are given, io Appendix 
III. Tliese I regard as very great facts in astronomy. 
They shed new light on the intimate structure of our stellar 
system. They show that all its visihle stars are woven in 
a single weh. TLey show that at least a hundred suns are 
acting strongly, and others more feebly, on our own sun and 
his revolving attendants. At the same time, our own acls 
strongly on a hundred others that are more near, and feebly 
oa a greater number that are farther off While each star 
is thus impelled by many oppoamg mBuenieg on all sidea, 
and while these influeoees are, some stronger and some 
weaker, there must result a lery comphcated sj'.tem of 
movements among them all, besides the general drift of 
their entire movements in the pi we of the Milky Wav 

Just as the sun acts on the mundane system, the earth 
and the moon, and causes in that system various irregulai-- 
ities, and as the moon acts on the earth and eaiisca in a few 
thousand years a great change in. the direction of its asis 
of rotadoD, so we may be sure the fixed slars produce 
changes in the solar system, and hence to iheir power, in 
part at least, we may attribute changes in the incliDations 
of the axes of rotation. Hence we need not wonder if iha 
general plane of the planetary system is not exactly in tlie 
plane of the sun's equator. These changes may be too 
small and too slow to admit of calculation, yet, in the course 
of millions or hundreds of millions of years, they may 
amount to a few degrees, and thus become strikingly ap- 
parent. Even the shapes, sizes, and positions of the planet- 
ary oi'bits may thus be somewhat modified. 

When we know the distances of two stars, and the angle 
of divergence between their directions, then we may know 
their distances from each other. And then, oa the assump- 
tion that their masses are as their l^ht, we may calculate 
their mutual influences on eaoli other by the fores oF;j;ravity. 
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Iq lliis iviijibj their kuown proper motions, by their known 
distances, by triangulation, and by calculation, tJiere is a 
promise of discoveries, not only in the particular masses 
and movemenfa of the fixed stars, but also in their general 
drift or combJaafioo iu the disk witiiin the Milky Way. 
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PART IV. 

THE CAUSE OE THE MOTION OE THE STARS. 



SECTION XXSVIII. 

GEATITY IS TOE CAUSE OF THE MOTIONS OF THE STAE8. 

The movements of the stars along the blue vault of 
heaven havo from time immemorial beea a wonder and a 
subiect of admiration both to the savage and to the sage. 
Doubtless the^e motions first led to the studj of astronomy. 
All seem to proceed night after night with perfect uni- 
formity from east to west Aud this moving together, as 
with a single turn of a wheel, gave origin to the name 
Umveise, which mcins one turn A few stars seemed 
irregnlir m their motions, inil hence they were called 
planets or wanderers. Even the sun seemed to change his 
place relative to the stars, and to make an entire circle 
around them onte eiery yeai. Heuce the chief laboi of a-, 
tronomers, not only m the eaily and in the middle ages, but 
also in modem times, has been to learn the exact motions 
of tbe stars ; and probably none has received greater at- 
tention thaa our moon. 

It is a remarkable fact that, while the movements of the 
stars have been studied with so much care, the cause of 
these movements has so long been hidden. Even a con- 
jecture has scai-cely been made of the cause of their veloci- 
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lies. Some one of antiquity said ttat if the stars had fallen 
toward the earth, and had been turned at right angles from 
their former courses into their present apparent directions 
from east to west, their velocities would have heen the same 
as now. But this must always have seemed as an idle 
dream. No cause appeared for turning them at right an- 
gles to the directions of their fall, and no possible estimate 
could have been made of the velocities of such fall. In 
modem times we know that these movements are not real ; 
ihey are only apparent from the diiimai rotation of the 
earth. And those motions which are real are not from 
east to west, hut in the contrary du-eclion, from west to 

Since the reception of the Copernican theory, and the 
true knowledge of the motions of the stars, mankind have 
been filled with awe at the astomshing velocities of those 
great bodies. Sixty-eight thousand miles an hour is incon- 
ceivable even for a smaU body ; but when we learn that the 
vast and ponderous globe on which we live, flies along with 
such lightning speed, we are awed from inqniriog what 
could have imparted such an impulse, and we are disposed 
to refer the cause to the direct and miraculous interposition 
of God. Hence, until now, the true cause of the motions 
of the stars has not been discovered, and not even con- 
jectured, as far as I am aware. Gravity is known to be a 
great motive power, but there has been a singular imanimity 
among scientific men in declaring that gravity could not 
have produced the motions of the stars. This I will soon 
show by quotations from many authors, beginning with 
Newton, and coming down to the very latest writers, hor 
place, and many of his followers, rightly believed that the 
solar system originated from a rotating nebulous envelope 
around the sun ; hut they received that rotation as an ex- 
isting fact, witiiout inquiring into its canac. A few have 
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supposed that the rotatioa waa caused by tho particles of a 
Dcbulona mass condensing and meeting at tho centre, but 
they all failed in finding a force to produce the rotation. 
Moreover, I will sooa show that no rotatioa conld possibly 
be produced at tie centre of auch a mass. In that region, 
and for millions of miles around in every direction, all was 
still, or nearly still, and motionless. Eotation must ne- 
ccssarOy begin on the surface, and proceed gradually 
toward the centre, the very last point, instead of the first, 
to rotate. 

A few years have elapsed since I first began, in conver- 
sations, to state my belief that gravity waa the origin of the 
motions of the stars. The objections I have met may here 
be stated together, with the considerations by which these 
objeclions are overcome. It has beca said that " tlie rela- 
tion between t!ie torbital velocities of the planets, and the 
velocities of falls produced by gravity, proves nothing as to 
the source of their orbital velocities. Tbat relation proves 
only that those orbital velocities are compatible with the as- 
sumption that they are due to gravity. They may possibly 
have been produced by some other physical cause. And 
they may have been produced by a miraculous act of tho 
Almighty." The following facts completely remove these 



1. Gravity is a power strong enotigb to produce these 
motions. This becomes evident by the inclined plane theo- 
rem. No pbeiiomena in the universe more vividly impress 
the mind with the idea of omnipotence thaa the htce ne- 
cessary to sead a great world like our own through space 
with a velocity of 68,000 miles per hour 1 la gravity we 
have found a force competent for this momentum, and not 
only for this, but for overcoming a certain amount of fric- 
tion which must occur in a eoatracting and rotatiag nebn- 
loua globe. 
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2. Gravily varies ita power. Near the sua, it is strong ; 
far off, it is weak. Juat ia proportion to these variations 
in force, are the variations in the velocities of the heavenly 
bodies. Gravity could not produce the velocity of Mercury 
away off at Neptune, and accordingly we see no such velo- 
cities there. Tliivjugh this wide distance we see everywhere 
a correspondence between the power and the velocity as 
between cause and effect. In other words, the velocities 
of all these one hundred and fifteen bodies of our solar sys- 
tem correspond with the heights of the inclined planes down 
which they have come, and to the powers at work on those 
planes. The planes were all of dififerent heights, and the 
motive powers on each one were different, and in all these 
one hundred and fifteen cases the velocities are different and 
coincident with the planes and powers. 

3. The motions of thcfe one hundred and fifteen bodies 
are varied in their directions, and complicated. AH have 
two motions, and the satellites have three. Could we see 
with one view of the eye a piece of mechanism composed 
of one hundred and fifteen parts, and all these part5 moving 
together in double and triple motions in exact accordance 
with those of the solar system, we would he filled with 
wonder. Gravity, acting on a contracting nebulous mass, 
is a force exactly fitted (o give origin to all this complica- 
tion of motion! 

i. In satisfying ourselves of the connection between an 
effect and a cause, wo first ascertain whciher they can be 
in each other's presence. It is not sufficient to know that a 
certain force is great enough to prodace a given effect : we 
must know also whether they can exist together either in 
actual contact or through some medium. In the solar sys- 
tem, where we find these great, these various, and these 
compUcated motions, just there also we find gravity in act- 
ual presence as an appropriate cause. 
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5, There is no ofhor known physical cause for thesu 
jnotioBS. We can tHnk of no other physiciil cause. Grav- 
ity is in every way fitted for these strange effects. There- 
fore it is the true canse. This is tlie way that all men, 
learaod and nnleamcd, reason on every other suhject, and 
we must reason the same way here. After finding a cause 
competent for a given effect ; after examining all the pe- 
culiarities in tlie effect, and finding the same corresponding 
peculiarities in the cause ; after seeing the cause and the 
effect answering to each other like a stamp answering to a 
seal, we most conclude that they heloag to each other. This 
is the case between the strangely complicated phenomena of 
the solar system on the one hand, and on the other the force 
of gravity acting on a contracting nebulous mass. 

6. But it is not alone the varions velocities of more 
than a hundred bodies which coincide with the force of 
gravity. It is not alone the directions of these velocities in 
complicated whirls, like a mazy dance, which coincide with 
that all-prevading force. In addition to all these, there stands 
out the great fact that the formation of the entire mechanism 
of the solar system, the separation of all the parts one from 

•, the placing of these parts in their present orbits, 
g of these parts in their present forms, all coin- 
cide with the action of gravity. Here, in the formation of 
the solar system., is a great number of facts ; and the greater 
the number of facts which coincide with any theory, the 
stronger is the support they lend to that theory. When, as 
I have already repeated, a lock has many intricate interior 
giiaivJs, and a key is found precisely to fit aO those guards, 
and to move the bolt easily hackward and forward, ttien 
we know we have the true key. It is so in the prohlem 
before us. Therefore it may be well to review the many 
facta in the formation of the solar system, and see how very 
! are the correspondences between that system 
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and the inevitable action of gravity on a contracting neb- 
tiloas mass. 



SECTIOH" XXXIX. 

A SUMMAEY OF FACTS J 

In the beginning of tbis discassion on the origin of tha 
Btara and tbe cause of tbcir motions, I proposed to sbow 
fbat tbe solar system, "witb all its motions and all ita won- 
deri'ul peculiarities, may be accounted for by the action of 
tbe force of gravity on a condenaing nebulous mass ; or, in 
other words, that tlie solar system is an inevitable conse- 
quence of such action. Tbe following is a summary of tbe 
facts so accounted for in tbe preceding pages : 

1. Gravity accounts for the round forma of tbe stars. 

2. It accounts for the rotations of tbe stars. 

3. It accounts for their oblateneas ; because the inertia 
or centrifugal force producing that oblateness is merely the 
force of gravity conserved. 

4. It accounts for the separation of the satellites from 
the planets, and of tbe planets from the sun ; or, in other 
words, it accounts for the independent existence of all these 
one hundred and fifteen bodies. 

5. It accounts for the existence of the unbrolicn ringa 
of Saturn. 

6. It accounts for the broken ring of the asteroids. 

7. It accounts for the approach to regularity in the 
planetary distances from the sun. 

8. It accounts for the velocities of tbe several planets, 
asteroids, and satellites. 

9. It shows why tbe velocity of the sun's equator is 
slower than the orbital velocities of tbe planets. 

10. It shows why tbe equatorial velocities of Saturn 

14* 
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and Jupiter are less thaa lie orbital velocities of tkeir iimor 
satellites. 

11. It stows why the equatorial velocity of the earth 
is slower thau the orbital volodty of the moon. 

12. It shows why Jupiter and Saturn, contrary to the 
case of the sun, have greater equatorial velocities than the 
orbital velocities of their farthest attendants. Those two 
planets suffered less retardation than the sun. 

13. It shows why the four exterior planets have all the 
satellites hot one. 

14. It shows Avhy, of the four interior planets, the earth 
alone has a satellite. 

15. It shows why Saturn's exterior satellite is double 
the distance of any other satellite from its primary. 

16. It accounts for the nearness of Saturn's rings to 
that planet. 

17. It shows why Saturn has so many more attendants 
than any other planet. 

18. It shows why the satellites are eo mnch nearer to- 
gether than the planets. 

19. It accounts for the fact that there is no planet in- 
terior to Merenry. 

20. It acconnts for the wider interplanetary space be- 
tween Mercury and Venus than between Venus and the 
Earth. 

21. It accounts for the wider intcrsatellite space be- 
tween the first and second satellites of Saturn and Uranus 
than between the second and third, counting from within 
outward. 

22. It accounts for the fact that the velocities of the 
rings of Saturn around the sun are precisely equal to that 
of Saturn. 

23. It shows how tlie satellites acquired their three 
simultaneous motions ! 
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34. It accounfs for the comparatively large distance of 
the earth's satellite, and for its slow motion. 

25. It accomifs for the large size, relative to the cartlij 
of the earth's satellite. 

26. It accounts for the revolntiona of the planets around 
the sun nearly in the same plane. 

27. It accounta for the revolntions of the planets around 
the 8nn in the same direetion. 

28. It acconnts for the revolutions of the planets in the 
same direction as the sun's rotation. 

29. It accounts for the revolutions of the satellites around 
the planets, nearly ia the same plane, in the same direction, 
and that direction the same as tlie rotation of the planets, 
and nearly in the equatorial planes of the planets. 

30. It accounts for the rotations both of the planets and 
the satellites fi-om west to east. 

SI. It accounts for the fact that the sateDitca make only 
one rotation in one revolution. 

32. It accounts for the law of density of the solar sys- 
tem ; that is, why the inner planets are more dense than 
the esterior ones, why the planets are more dense than 
their satellites, and why the interiors of the planets are more 
dense than their exteriors. 

33, It accounts for the elliptic forms of the planetary 
orbits, and for the near approach of those ellipses to 
circles. 

84. It accounts for the inclination of the earth's axis 
of rotation to its orbital plane, thereby causing the seasons, 
and also for the same facts in the other planets. 

35. It shows why the orbital planes of the planets are 
not precisely in the equatorial plane of the sun. 

36. It shows why the orbital planes of the satellites are 
not in all cases precisely in the equatorial planes of the 
planets. 
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87. It allows why the nearest pknetB are nearcat to tlie 
sua's equatorial plane. 

38. It shows why the nearest satellites are nearest the 
equatorial planes of their primaries. 

39. It accounts for the retrograde motions of the moons 
of Uranus. 

iO. It accounts for the origin of meteorites. 

41. It accounts for the origin of comets. 

42. It accounts for the systems of double, triple, and 
multiple stars. 

43. It accounts for clusters of stars. 

44. It accounts for nebulous stars. 

45. It accounts for elliptical nebulas. 

46. It accounts for planetary nebulte. 

47. It aceounts for annular nehuhe. 

48. It accounts for the ring of the Milky Way. 

49. It accounts for the disk-like form of the collection 
of stars interior to the Miiky Way. 

50. It accounts for the fact that the plane of this disk- 
like stratum is in the plane of the Milky Way. 

51. It accounts for the many irregular nchulffl in or 
near the Milky Way. 

52. It accoanfs for the proper motion of the so-called 
fixed stars. 

63. It accounts for the fact that the planetary systoms, 
consisting of planets and satellites) are miniature resem- 
blances of tlie solar system. 

This is an extraordinary catalogue of facts — extraor- 
dinary for their greatness, for their differences one from 
another, and for their number. Even those which seem 
most familiar, are truly mighty in bearing conviction. For 
instance, the common one of rotation : every heavenly 
body rotates, and this is a necessary consequence of the 
action of gravilj. We cannot coaceive how an irregu- 
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lar contracting nebulous mass, under the influence of 
gravity, can exist without rotating. The want of such 
rotation is an impossibility.* Many of tliese facts are mar- 
vellously strange ; Buch as the three simultaneous moti<ms 
of the satellites, and the motions of Saturn's rings around 
the Bua, precisely even with the motion of Saturn. And 
yet how perfectly and beautifully does the action of 
gravity account for them all ! How many motions there 
are both of rotation and revolution from west to east in the 
sun, the planets, the asteroids, and the satellites ! How 
remarkably do Ihey all approach the same general plane 1 
And bow natnrally all these are acconnled for by the influ- 
ence of one force I Even the inclinationa of the axes of 
rotation to the planes of the orbits, and tbe inclination of 
Uranus going so far as to produce retrograde motion, har- 
monize with this theory. How different is the system of 
Saturn from that of Jupiter ! Saturn, although much the 
smaller star, lacks but one of having three times as many 
attendants ; the farthest heing twice the distance of Jupiter's, 
and the nearest being five times more near. Jupiter's rings 
aio all broken, and three of Saturn's still remain. Yet these 
difieri,ncea are accounted for clearly and simply by the less 
retardation which gravity encountered in giving rotation to 
Saturn. How easily does this theory account for the facts 
that the four exterior planets have all the satellites but one, 
and that of the four interior pianola the earth alone has .1 
satellite ! We need recapitulate no fiirther. If ever a 
theory was established firmly, triumphantly, aud gloriously 
by facts, then is this theory of the action of gravity ao 



* See Siiction XVU. 
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SECTION XL. 

3 BETWEEN THE EYIDlilNCBa THAT 6BAYITY HOW 
HOLDS THE I'LANE'I'S IN TUEIB CEBITS, ANI> TirE EVIDENOKS 
THAT GRAVrrr OKIGINALLY gave them TUEIR M0TI0K8 IN 
THEIK OKBITS. 

The evidences are as strOBgtliat gravity originally gave 
the stars their motions in their orhifs as that now it hoUs 
them in their orbits. T« make this truth plain, let ns for 
a moment examine the proc^sa by which Newton discovered 
this great truth. 

1. By a very simple arithmetical calculation, founded 
on the distance and the velocity of the raoon, he learned the 
amount of the centrifugal force of the moon. By another 
equally simple arithmetical calculation, founded ou the 
amotmt of force in the earth's gravity at its surface, or 
4,000 miles from its centre, and on the theory that tliis 
gravity decreases as the squares of the distances increase, 
he learned what wotild be the amount of flie earth's gravity 
at the distance of the moon. Thus he found tiat these two 
forces, the centrifugal of llie moon, and the earth's gravity 
acting on the moon, or the centripetal force, balanced or 
nearly balanced each other. This was his grand discovery ! 

2. Next, by a Iik6 calculation, founded on the velocity 
of the earth, and on its distance from the sun, he ascertained 
the centrifugal force of the earth. He then assumed that 
the mass of tlie sun was great enough by tlie force of its 
gravity to hold the earth in its orbit ; that is, he assumed a 
ceatripetal force in the sun acting on the earth, eqnaltothe 
centrifugal force of the earth. Taking this assumed mass 
of the sun or its gravity as a basis, he applied it to the other 
planets, and found hy calculation that, at their respective 
distances, the gravity toward tlic sun, or the centripetal 
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force, cqualleiJ or nearly equalled their severfd centrifugal 
forces. Here was a new conflriiiation of his discovery ! 

In both these cases it was clear to him that there must 
be some force to counteract the centrifugal force of the moon 
and also of the planets. Gravity, if extended to tLese 
bodies, would just counterbalance these forces. There wm 
no other known physical force to do this eounterbalanciog. 
Gravity was a sufficient force. Therefore, gravity he be- 
lieved to bo the true force. This is precisely the same as 
our reasoning when we concluded Uiat gravity gave the 
moon and the planets their motions in their orbifs. The 
very language is identical with what we emidoycd oaly a 
few pages distant. We said that a certain amount of force 
had been necessary to give the planets and eatellifes their 
respective velocities in their orbits. The force of gravity 
was. just that amount, and also enough for the small but 
necessary friction. Moreover, it was known to have been 
right in the presence of these planets, and acting by theory 
so as to produce not only their velocities, but also their 
very directions ! No other known physical force could so 
act, either as to power or direction. Therefore we were 
compelled to conclude that gravity prodaeed these motions. 

If we look at the philosophy of this subject, we will 
perceive that the ground of Newton's belief was the coin- 
cidence between the theory and the facts. The theory was, 
that gravity impels the moon toward the earth with a pre- 
cise amount of force. The fact is, that the moon ia actually 
impelled toward the earth with that same amount of force. 
This coincidence created the belief that gravity is the real 
impelling force, especially as no other force is known. The 
very many coincidences between theory and fact respect- 
ing the origin of the motions of the stars, must now have 
a like effect in creating in our minds the belief that gravity 
produced these motions. 
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3, But these were far, very far from being ail tlic coin 
cidences or evidences which Newton had to prove, that tlia 
stars were held in their orbits by gravity. He proved that 
very many strange phenomena in their motiona, could he 
accounted for by gravity, and by gravity only. Among 
these were the precession of the equinoxes ; the move 
of the stars, not in circles, hut in elhpsea ; the situation oi 
the sun in one of the foci of those ellipses ; the equal spi 
passed over by the radii vectores in equal times ; the propor- 
tions between the velocities and distances of the several 
planets, and their mutual perturbations and iiTCguIaritles. 
All these, and many other phenomena, he proved by 
difficult mathematical i-easonings to be the inevitable 
sequences of the action of gravity. That is, these very 
strange motions of the stars are just such as Uiey would be 
if gravity were acting upon them. Ho could think of no 
other force to produce these actions — therefore he believed 
they were produced by gravity. 

In like manner, the coincidences between the velocities 
of the planets and the motive-power of gravity are far, very 
far, from being all the evidences which prove that gravity 
gave their motions to the stars. There are very many 
other strange phenomena in the solar and stellar systems, 
the origin of which can be accoanted for by gravity, and by 
gravity only. Among these we may point to the long cata- 
logue in the last section, a most ti'iumphant assemblage of 
gi-eat facts, all completely coincident with our theory ; all 
showing themselves to be the inevitable consequences of the 
action of gravity. 

If we make a careful enumeration of all the coincidences 
between theory and fact, which prove that gravily originally 
gave their motions to the stars, we will find that they are 
more numerous than the coincidences between theory and 
fact, which prove that gravity now holds them in tlieii 
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orbils. For inslance, the veiy large class of rotationa in 
Ihe SHU, and m his many attendaats, are coiocidences to 
prove the origin of stellar motion ; bat there ia nothing 
analogouR to this to prove the cause of the centripetal 

The mathematical demonstrations in both cases are 
strict and conclusive ; and if, in the one case, a small ex- 
cess of the force of gravity is accounted for as having been 
expended in a necessary friction on the inert interior, so 
ia the other case there are slight discrepancies ia numbers, 
but not eaough to destroy the rational and aafisfactory coin- 
cidences between theory and fact. 

In Newton's day it seemed incredible that gravity should 
roach so far — should extend through all space. In our 
own day it seems incredible to many that matter should have 
been expanded so far — should have heen extended through 
all known space. But the proofs of these extensions ia 
both cases are the same ; Dumerieal calculations show that 
these two theories agree perfectly with existing facts. Even 
now we know that matter is diffused completely through 
all known space. There ia no vacuum. The fluids whose 
vibrations are called light and heat, and which travel with 
such inconceivable velocity, are now extended everywhere. 
The same may he said of the material medium which pro- 
duces gravity. They are indeed extremely rare, yet we 
cannot Bay tliey are more rare than the materials of the 
solar system when expanded a thousand times farther than 
the ovhit of Neptune. 

The matter of the solar system is now arranged exactly 
as it must necessarily be arranged on the theory that it 
was formerly so expanded. While the ^hief mass is con- 
centrated ia the rotating sun, yet far away from his surface 
we see it strewed here and there along the path by which 
it contracted. Mercury is more than 30,000,000 miles 



Hcssdb, Google 



330 COMPiRiaON BETWEEN TWO TnEORIES. 

from tlie aun, and tlienee outwardly we see the materiala 
scattered at intevvals until Neptune, which is a hundred 
times farther off thau Mercury. Then, if we look away to 
other solar systems, we see other small stars revolving 
plauet-hke around great central orbs, the same as hero. 
There, the same as here, " the nearest companions have 
motions ten times more rapid thau the farthest ones." If, 
from solar we look still farther to stellar systems, we see im- 
mense suns arranged in clusters called nebulous stars, ellip- 
tical aehaliE, planetary nebulm, and annular nebulse ; among 
these last is ranked our own Milky Way, with its interior 
disk-like stratum of stars. In all these regular forms of 
nebulte, and in the system of double, triple, and multiple 
stars and clusters of stars, we see mitter aiianged and 
moved just exactly as it must nece'-s'inly be arranged and 
moved on the theory that it once ^as um^ersaUy expanded 
iu a nebulous condition, and afterwaids contiactcd and im- 
pelled by the force of gravity. Those regulai nebulous 
forms, and the systems of double, triple, and multiple stars, 
add powerfully to the coincidences between theory and fact 
which we find in our smaU solar syslem. 

The parallelism between the evidences that gravity gave 
the stars their motions in their orbits, and that gravity now 
holds them in their orbits, is seen still further m the fact that 
gravity stands in the same relation to the Nebular Theory 
as it does to the Copernican Theory. In the nebular theory, 
gravity imparts motion to the stars ; in the Copernican the- 
ory it keeps the stars in their courses. In the one theory 
it originates motion ; in the otUer it regulates motion. By 
keeping this idea in view, we can the more easily compare 
the evidences in the two cases. 

Thus far the work of gravity may appear equally sub- 
lime, equally soul-elevating in both these tlieories. But in 
tlie nebular theory it does far more than merely originate 
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motioTi ; it performs a far more aublimo and more soul-en- 
nobling part. Acting in its direct way, and by its conser- 
vation in the form of inertia, it separates one body from 
another, shapes them, rotates them, arranges them in their 
orbits, and there, in those orbits, it imparts their astonish- 
ing projectile velocities ! A philosopher in a former age, 
while watching insect transformations — the egg, the cater- 
pillar, the chrysalis, and the butterfly — exclaimed, " Here 
is seen the hand of God 1 " May we not give expression 
to our emotions in the same words, while tracing the opera- 
tions of gravity? 



SECTION XLI. 



The inquiries wiU naturally arise, How lias it happened 
that gravity has never before been discovered to be the 
cause of the motions of the stars? And what have been 
the speculations and opinions of scientific men on this sub- 
ject? These inquiries will best be answered by peinsing 
their own writings ; and I have put in Appendix IV. a list 
of all the authors on this subject that I know, with special 
reference to their works. They number ninetei-n in all, 
and doubtless there are many more, tliat I do not know. 
Here I will give a short but true sketch of what each one 
believed : 

Newton. — To the venerable Sir Isaac Newtoa is due 
the first place in the catalogue. His lauj^iagp is as fol- 
lows ; " But yet I must profess I know no sufficient natu- 
ral cause of the earth's diurnal rotation." 

" The planets and comets will constantly pursue t!ieir 
revolutions ia orbits given in kind and position, according 



Hcssdb, Google 



333 OPINIONS or bcientipio men. 

to laws above explained. But tliough these bodies may 
indeed persevere in their orbits by the mere laws of gravity, 
yet they could hy no means have at first derived ike regular 
position of the orbits themselves from these laws." 

After describing the orbits, and positions of the planets 
and satellites, he says ; " But it is not to be conceived that 
mere mechanical causes could give birth to so many regular 
moiions." By " mechanical causes," he means those which 
act on a body from witJiout, and among these he puts 
gravity. He evidently could think of no other cause for 
the motions of the stars hut the immediate interposition of 
the Great First Cause of all things. He says ; " This most 
beautiinl system of sun, planets, and satellites could proceed 
only from the coimsel and dominion of an intelligent and 
powerful Being." And immediately he goes on at some 
length to give his ideas of this Being. 

Herschbi., the elder. — This truly great man speculated 
not on the formation of the solar system, or on the separa- 
tion of a nebulous globe into planets and satellites, but 
simply on the condensation of diffused nebulous matter info 
stars, and on the cause of their rotations. His first papers 
were presented to a Pliilosophical Society at Bath, in 1780 
and 1781. Papers also toucliing on the cause of rotation 
he published in the Eoyal Philosophical Society in 1789 
and ia 1811. The origin of rotation, therefore, occupied 
his thoughts more thaa thirty years at least ; and between 
Ilia first and last papers his ideas considerably improved. 
He saw many nebnhe with round forms ; to attain and to 
support those foi-ms, he believed rotation to he necessary ; 
and the causes of this rotation he supposed might he grav- 
ity and " other central forces," to us, as yet, unknown. 
Other subsequent authors also, as we shall soon see, have 
believed in unknown mysterious forces as being necessary 
to produce rotation. At length, in 1811, he thought grav- 
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ity alone might be sufficient. But he put forth his opinions 
in queries and a? " a Burmise," aud without a coacluaive 
demonslralion. His chief merit in this regard was to as- 
siga the promineacea or " eccentric matter" of a nehulous 
mass as the causes of rotation. " These, in displiLcing 
other matter, or m sliding down sideways, must produce a 
circular motion." He did not, however, have distinct ideas : 
lit. That the ahding down sideways of this eccentric mat- 
ter would produce many currents, in various directiona, 
especially when aided hy gravity from other nehnlte. 
2d, That these currents must ultimately all result into 
one, 3d. That tliia one current conld not possihly 
atop, bnt must, of neeeasity, go on faster and faster 
every moment, in consequence of ihe continned action of 
gravity, and the confraetion of the nehulous glohe. From 
the vagueness of his surmises, they have not heen made the 
foundation of further progress by other axithors. They have 
been quoted by only one scientific man, that I am a«-are, 
Professor Heinrichs ; and he, not seeing the conclusiveness 
of Sir William's statements, devised another and very differ- 
ent theory of rotation. The visible nebulee, however, on 
which Hcrscbel speculated, ao far fivDm being diffused, cloud- 
like, nebtdous matter, are now known to he cinstcrs of stars, 
sidereal systema, ao very far away, that their united light 
seems faint and dim. Moreover, he had no idea of the for- 
mation of planets from a rotating nebulous maas, and hence 
said not a word about gravity as the cause of the projectile 
or proper motions of a star. 

Laplace. — The celebrated theory of Laplace must not 
be regarded historically as a continuation or a development 
of the nebular speculations of the elder Htrochel Herat.htl 
wiote on the condensition of nebulous matter into fixed 
stars %nd sun^ Liplice wioto on the formation ot the 
planets ^nl ^\t 11 tc ot oui own ^vstero fruii in I m. 
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phere of the sun. He assumed the ann as already formed, 
and endowed with its present rate of rotation. Hcst, he sup- 
posed that, from some extraordinary cause, the sun's heat 
aad light were vastly increased, like the temporary star 
which appeared in 1572, and shone with such traascendent 
brilliancy. From this temporary heat, he supposed the 
atmosphere of the sua was expanded beyond the orbits of 
any of the planets, and in cooling and contracting, its equa- 
torial zone parted several rings of nebulous matter, which 
subsided into nebulous planets, and from these wore derived 
the satellites. He says not a word about the cause of the 
rotation of the sun or of his attendants ; and he names Buf- 
fon, not Herschel, as his only predecessor in speculating on 
the same subject. Sir John Herschel, in his " Onllines," de- 
clares that " the nebular hypothesis " of Laplace, and " the 
theory of sidereal aggregation" of hia father, " stand, in 
fact, quite independent of each other." 

E0FEOX. — The speculations of Buffon I have not read- 
Laplace carefiilly describes and refutes his theory, which 
is, that the planets, and consequently their motions, were 
derived from a collision between a comet and the sun. 

Kant. — This philosopher is said to have preceded La- 
place many years in forming a similar theory. I have not 
access to that part of hia worlca ; but one of his advocates, 
Professor Hoinrichs, says that, like Laplace, he assumed 
the rotation of the primitive body, ^Yithout accounting for 
the cause of that rotation. 

Maet SOMMEKVILLE, — This highly intellectual lady, 
writing of "the primitive cause which determined the plan- 
etary motions," says, that " Laplace has computed the 
probability to be as 4,000,000 to 1, that all the motions of 
the planets, both of rotation and revolution, were at once 
imparted by an ori^nal common cause, of which we Icnow 
neither the Tiature nor the epoch." 
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Lardkeb. — Tliia author, in si)eakmg of the planets and 
satellites, says : " They obey the laws of gravitation, but they 
do much more. They all move in ellipses ; diose cliipsea 
differ but very little from being circles ; their orbits ia- 
erease in distance from tlie sun nearly in regular progres- 
sion ; those orbits are nearly in the same plane ; and theii- 
movements are in the same direction. Accordance so 
wondrous, and order so admirable, could cot be fortuitous, 
and, not heing enjoined by the conditions of tlie lavi of cav- 
itation., must either be ascribed to the immediate dictates 
of the Omnipotent Architect of the universe above all laws, 
or to some general laws superinduced upon gravitation, 
which escaped tie sagacity of the discoverer of that prin- 
ciple." Here, again, we see a reference to some unknown 
laws superinduced on gravitation, and another very strong 
denial that gravity can do what it reaily has done. The 
next author, like several others, speaks in the same strain. 

NicHO — H d lar that " not one of these remark- 
able arra t th solar system owes its origin to 
gravity. Tig aviiy cannot account for the fact 
that all th J primary and secondary, move in 
ellipses aj j hi ry nearly to the circular form ; nor 
the fact tl t 11 th bs revolve in the same direction 
around the sun ; nor the fact that they all rotate on their 
axes in the same direction ; nor that equally singular ordi- 
nance whieli has confined so many bodies within a brief 
distance of the plane of the san's equator. It appears a 
necessary conclusion, that the cause of the foregoiag ar- 
rangements is bometking ^rofoundsr even than Newion's 
principle ; perhaps some remotest fact in the history of the 
universe." 

Helmholxz. — This author, in his very able essay on 
the coaservation of force, and the application of that prin- 
ciple to the nebulaa' theory, speaks of the motioa of rotation 
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as originally slow, and the " existence of which must he as- 
sumed." His profound views of tlie operation of the phys- 
ical forces did not enable him to account for the origin of 
rotfttion ; and ho says, " the nebular hypothesis, from the 
nature of tlie case, must ever remain a hypothesis." 

AiEXANDEE. — In treating of a rotating nebulous mass 
this writer, with special formality, and therefore with due 
deliberation, says that "by a contraction from loss of 
heat there would rcauU an increase of angular velocity of 
rotation, the momentum remaining unchanged," This is 
directly opposed to gravity as a forco causing rotation, or 
even increasing the velocity ; for if gravity act at all, the 
" momentum " of the nebulous globe must every instant be 
augmented. The origin of the rotation, or " the origin of 
the projectile force " in the mass that formed the solar sys- 
tem, he refers to a great primitive nebula which, by centrif- 
ugal force, tlirew off the portion which resulted in our sys- 
tem ; but the origin of the rotation JQ that primitive nebula 
he does not eonjcotare. 

" Vestiges op CEEAnoK." — The anonymous author of 
this very wide-spread volume says, "It is a well-known law 
of physics that whea fluid matter collects toward or meets in 
a centre, it establishes a rotatory motion," as in " the fun- 
nel, the whirlpool, and the whirlwind." This is simply the 
statement of a fact, not an explanation of the fact, nor the 
mention of the force causing the rotation of the stars. He 
says, gravitation and the loss of heat, two cooperating 
things, would cause the nebula to contract, and so do 
all other investigators, even when they deny in the 
strongest terms that gravity was the cause of the nebular 
rotation, and of the great leading peculiarities of the solar 
system. He also quotes and endorses Professor Nichol, 
where he says " the germs of the rotatory movement " are 
" obscure " and " vague." In fact, to understand the causes 
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of contraction, is one thing ; but fo understand the cause of 
rotation and the increase in iselocity of rotation, is quite 
another. There might he contraction -without rotation, in 
the absence of the atomic repulsion force which held matter 
in the nebulous coadition. Moreover, rotation could not 
possibly he originated at the centre of a nebulous globe. 
Eotatiort, as I liave shown, must begin oil the surface. 

KiBKWOOD. — This author makes the following formal 
and deliberate statement ; " In taking the moat cursory 
>iew of the solar system, we cannot fail to notice the fol- 
lowing interesting facts : 

1. The sun rotates from west to east. 

2. The plaaeta move nearly iu the plane of the sun's 
equator. 

3. The orbital motions of planets and satellites are from 
west to east. 

4. The rotatory motions are in the same direction. 

5. The rings of Saturn move in the same direction. 

6. The planetary orbits are nearly circular. 

7. The cometary orbits have different peculiarities, etc. 
None of these facts are accounted for hy the law of g-ravi- 

taiwn. The sun's attraction can have no influence what^ 
ever in determining either the direction of the planet's mo- 
tion or the eceentcicity of its orbit." 

When Professor Kirkwood proposed his " Analogy " 
respecting the periods of the rotations of the planets, his 
theory was eopported by Messrs. Walker and Gould, and 
their statements contain the following; 

Walkeb. — He maintains by algebraic formula that in 
a contracting nebulous orb " the momentum of rotation is 
constant." " If a planet in a primitive state existed ia the 
form of a ring, revolving around the sun, the momentum 
of rotation must, by virtue of the principle of conservation 
of movement, be.vc existed in some form in tlie riug." 
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This ife till, g ueral doctrine of all ■wiiieii n ll is subject, 
as may be iio¥ed by maiy quotaticns It i'^ dirocfly op- 
posed to gr'wity as an animating pnncipie in lotation, for 
that princiile mu t iacrea«e the momentum every hour, as 
long as the nebnku^ va&as contiact'J 

GtOLiD — Ihia author h heie qu ti,l btciuse he does 
not ascribe tie I nmitive movements to gia\itj hut refers 
to unknown phj ai al foices He says When we are con- 
sidering the evolution of order from chaos, we cannot pre- 
tend to a knowledge of all the physical forces which exerted 
an influence." 

Akaco. — I have been imahlo to find that part of Arago's 
works where he treats fully of the nebular theory, as it is 
said he has done. His name is here introduced to show 
that, like several otLers, from Sir William Herschel until 
now, he believes in the operation of unknown forces on 
nebulous matter. He says : " Every thing autliorizes us to 
suppose that the ncbuloas particles are subject, in the vast 
regions of space, to forces of which we have no idea." 

Heineichs. — The leading peculiaritiea of the solar sys- 
tem are declared by this anthor to be relations and laws of 
a " sHU higher order than those deduced from gravity." " The 
laws of Kepler are graud, as well as Newton's theory in 
accoauting for them ; but the above laws of Laplace are 
certainly of a superior order ; and the theory of gravitation, 
in failing to give a shadow of reason for these laws, proves 
itself not to be the whole truth ; xee must go beyond this 
force." The rotatory or projectile force he calls the " tan- 
gential force, of which gravitation hnows nothing." He is 
disposed to ascribe the rotation in the nebula to atomic 
force, " the grouping of several repelling atoms around one 
ftttiacting atom." 

Troweeidge.— This author, like the author of the 
" Vestiges of Creation," seeks to find the origin of rotation 
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at the centre of the nebulous globe, and from a variety of 
forces — " the attraction of gravitation, tlio radiation, of heat, 
and whateTer other active and modifying cause might oper- 
ate on the nebulous body ; " again, he says, " a motion of 
rotation would result from the cooling down of the nebulous 
mass, the attraction of gravitation, and other forces of na- 
ture which might operate." Of course, this is not clear, 
and he says " we have been unable to tell just haw a rota- 
tion commen ed The roas n of th 3 s because the com- 
mencement ot rotit on m st be Bought not at the centre, 
but on the s rface of a cont act ng nebulous globe, and from 
gravity alone 

MiTCHBi,!. — The followmg extracts are forcible, and 
convey the ord nary oj n ns of sc ntiiic men : " In the 
outset of this descr [t on of the neb lar tl cory, " we must 
clearly distingu sh bet veen those jhen mena for which the 
law of un vera 1 j,ra fit n s resj u hie and those other 
phenomena of the con t on of the olar system in the 
explication of 1 h th s law h s n&ve been employed. 
The solar yst in oncu be ng o ^an. z d as t now is, all its 
existent and la Iv ] 1 enom na ar suscej t ble of explanation 
fi»m the theory of g av ty 

"Here howev r tie doman of tl i law is bounded; 
or, at least has h therto been bo nded There remains a 
multitude of inquir c3 demanding answer fjr which, how- 
ever, gravitation has not been deemed ac^ountahJe For ex- 
ample, wh^ do all the planets and sateUites rev 1 e n orbits 
so nearly circular' bo far as "t-w tat on s concerned, 
they might as well have vol ed n parabolas or hyper- 
bolas. Why lo all the [lanets c cul te abo t the sun in 
the same du: ct on' How com s it that tl c planes of the 
planetary 01 bits aie nearly coincident? Gravitation renders 
no reply. Again, the planets all rotate in the same di- 
rection in which they revolve. The satellites follow Ihe 
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same analogies, and even the sun itself is in like maimer 
foand to rotate on hia axis in the same general direction," 
In this manner this writer goes on at coneiderahle lengtli, 
enumerating other grand features of the solar system, and 
declaring that gravity cannot account for their origin. The 
origin of them all, however, as we have seen, is directly 
traceable to gravity. 

PANTECOtrtAHT. — Mitchell, in connection with the above 
remarks, quotes some half dozen pages from this antljor, 
descrihing the operatioas of the nebular theory. These 
extracts seem to present his ideas in full, but they convey 
not the least hint that gravity was the cause of the stellar 
motions. I have not seen his works. 

From this review, it appears that no previous investiga- 
tors have entertained the suspicion or the conjecture that 
gravity was the cause of the motion of the stars. Tlieir 
opinions may be classed aa follows : 

I. Sir William Herschel stands alone in proposing the 
action of gravity on the surface of a nebulous mass as the 
cause of rotation. But he neither possessed nor imparted 
the proofs. Much more is necessary to produce rotation 
than the simple subsidence of " eccentric matter." This 
would only produce several currents in different directions. 
A single current, acting alone, is necessary. That current 
must move down an inclined course. That inclined course 
must be formed of two things — the tangential motion of 
the current, and the gradual conti'aclion of the nebulous 
globe. Moreover, he did not speculate on the nebular theo- 
ry, according to which, the motions of the stars in their 
orbits are derived from rotation, be the cause of tliat rota- 
tion what it may. Kor did he ever, that I am aware, make 
an allusion to the formation of planets according to La- 
place's theory, although his paper of 1811 was written at 
least seven years after the publication of that theory, and 
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how mnch longer I do not know. Neither did Laplace re- 
fer fo the very different nebular theory of Herschel, which 
began to be pnblislied some twenty years before hia own. 
Since then both these theories have been combined ; though 
that which appears to me as the best part of Herschel's, 
has been unnoticed until now. 

2. A few inquirers, such as Nichol, Trowbridge, and the 
author of the " Vestiges of Creation," sought for tlie eaase 
of rotation in the meeting of the particles at the centre of 
the nebulous mass. This meeting of particles, and a ro- 
tation growing out of it somehow, they ascribed to " con- 
traction from the radiation of heat," to " gravity," to 
" physical laws," to " other active aad modifying causes," 
to "otherforcea of Nature," and to " unknown forces." No 
wonder that one of these authors quotes another in saying 
tliat " the germs of rotation " are " obscure " and " v^ue," 
and that stiU another says, " we have been unable to tcU 
just how a rotation commenced." Even if any one of 
these authors had entertained the conjecture that gravity 
was one of the cautes of rotation, it does not follow that he 
added the further conjecture that gravity was one of the 
causes of the projectile motions of the stars. The one idea 
leads toward the other, but the two are not necessarily in 
the mind together, I had the distinct idea that gravity was 
the cause of the rotation of a nebulous mass several years 
before the very natural consequence occurred to me that I 
had discovered the cause of the proper motions of the stars 
in their orbits. New ideas of great importance come out 
from the unknown darkness very slowly and with difficulty ; 
but when they are once ffurly out, the wonder always is, 
why tliey were not seen before. Pi-obably I did not look 
for the cause of stellar motion. Like others, I was trying 
to learn the origin of the stars, and their peculiar arrange- 
ments in the solar system, from a condensation of vapor, 
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according to tlie nebular theory. T}ie oii^m of their mo- 
tions is another thing. The awfu! fact tli^t our gkbo is 
flying through space at the rate of laoie tli m a thousand 
miles in a minute, seems repelling and aifctibaljle tj (jod 
alone bj His immediate miraculous poner 

Even afl^r rotation was cocjectuied by the above authors 
as arising out of a confused mixture of forces, known and 
nnknowQ, then before the planets were seen distinct and 
complete, and flying with almost lightning speed around 
the sun, several other intricate processes and confused mix- 
tures of forces had to be unravelled. There was the force 
of inertia, the centripetal and the centrilugal forces ; there 
was the separation of many rings, Ibe breaking up of these 
rings, their subsidence into round globes, the rotations of 
all those globes in the same direction, the formation of 
other rings for the production of satellites, the accounting 
for many other phenomena, and the answering of many an- 
noying objections from teen and earnest oppoaers of the 
nebular theory. In all this, while the mind is puzzled to 
see the way clear through so naany difficult operations, we 
may easily lose sight of an apparently small idea in the re- 
mote premises that gravity was one of the forces which 
concurred in causing condensation and rotation in some 
" obscare" aad "vagne" maimer. Thus it is that an 
author may mention gravity as one of his forces to begin 
with, and lose sight of it ia the protracted and multifarious 
process, bcfoi-e he gets liis entire solar system in most rapid 
motion, where gravity has long been seen as the centripetal 
force, and the very opposite of the centrifugal force, the 
origin of which is now first seen also to be gravity. If the 
question then be put, What was the cause of the motion of 
the stars? he would have a hard task to retrace his steps 
and get back to gravity, mixed up among all his other be- 
ginning assumptions. Therefore, as no author has an- 
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nouuctd the diatiact conjecture that grayity was the cause 
of the motions of the sfara, I thiak wo are not warranted 
in inferring that any sucli distinct coujecture was in tLeir 
minds, merely bccansie gravity entered vaguely, among 
many other things, into tlicir specnlations on the origin of 
the solar system. 

S. By far the larger number of invesiigators have fol- 
lowed Laplace in assuming the rotation of the nebulEe as an 
UDaccountaHe fact. Tliey do not inquire into the origin of 
stellar inotioo any raore than Into tie origin of matter. It 
is remarkable how many declare, in the strongest possible 
terms, that gravity could not have given motion to the stars, 
The extracts just cited on this point, especially from New- 
ton, Nichol, Lardner, Kirkwood, Heinrichs, and Mitchell, 
are worthy of a repcrusal. — See Appendix IX. 



SECTION SLII. 

MODEEN TIIEOEIES OF CEEATION. 

The creation of the nniverso of stars, and especially 
of the star on which we dwell, is a solemn wonder to the 
hnman mind. It has always been a matter of the deepest 
and the most serious inquiry, and so it will remain forever. 
Assuming that the theories of the origin of the stars, of 
their motions, and of their light and heat, are ti-ue as de- 
tailed in this volume, we may take a brief review of these 
and of other true theories of creation, and thus arrive at 
the grand epic idea which their union affords. The theory 
derived from the ancieut philosophers, that om- earth is 
round, in the form of a globe, mnst bo regarded as the grand 
etarting-poiat of all modem theories. It was an immense 
advance beyond tlie ideas of the more ancient Clialdeans, 
Egyptians, and Hebrews, who regarded the earth as a level 
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plain, indented by a few seas, and surroundecl Ly a vasl un- 
known ocean of waters. 

1. The first great theory of modern times was that of 
Copernicus. Our world, instead of being the centre of the 
universe, around which all the celestial bodies revolve, be- 
comes by this theory a very small star, revolving witli 
double motion around another great star, and both these 
motions with most strange and wondrous velocities. 
Probably no truth ever presented to the haman mind ap- 
peared BO incredible. 

2. A new theory was necessary to establish that of Co- 
pernicus. He believed that the moon revolved around the 
earth, and the planets nrmmd the sun ; but these revolu- 
tions must cause a vast amount of centrifugal force ! What 
prevented the moon and what prevented the planets from 
flying away out of their orbits? A force was needed to 
hold the solar system together. At first this serious diffi- 
culty was overcome by the reverent belief that the same Al- 
mighty Being, who gave the stars their motions, also held 
them iu their orbits. Eat God everywhere works by means, 
and the theory was formed that they are held in their orbits 
by the familiar force of gravity. "When and by whom this 
idea first arose I do not know. Newton names at least six 
persons by whom it was entertained before his own publi- 
cations, and some of these had published the theory to the 
world. But Newton discovered and proved to be true what 
was before a mere surmise. His chief merit lies not in 
proving that the centi-ipetal force of gravity equals the cen- 
trifugal force, and that therefore gravity is the force wliich 
retains the stars in their, orbits. His great superiority is 
seen in his applications of the theory of gravity to account 
for various astronomical phenomena, such as Kepler's laws, 
the precession of the equinoxes, and very many others. 
This made his " Principia " the greatest of scientific books. 
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His mathematical reasoning was most profound, and far in 
advance of ■what the human mind had before achieved. He 
alai" idded to the thoorj of gravity the miportant elpment 
that, instead of acting Miih. crinal foice it lU distaiii.es, 
that force decreases inversely is tlie square of the dis 

3 The next grett theory of creation is the nebulax 
theoij Undoubtedly the credit of its formation helonga 
to Laplace By profound meditations he saw that many 
IcatuiLS of the solir syifcm must one then oii^m to a 
cimmon liusl The rotations and revolutions aie illfiom 
we^t to east, lU neulym the same plana and thit plane 
not fai flora the plane of the tun a equator The imps of 
Saturn have the same movement m his own equatorial 
plane. He saw the probabilities to be exceedingly strong, so 
strong as to amount to a certainty, that all these phenomena 
must have had the same origin ; and with wonderful sagacity 
ho referred that origin to a former nebulous envelope of the 
snn which had extended beyond the planetary orbits. The 
temporary star of 1572 suggested an extraordinary amount 
of heat to produce this nebvdosity. Even the absence of 
eomet3 of short periods, now known to be an error, was 
proof to him ; for, from the analogy of the planets, he 
inferred their former existence, and that they had been 
destroyed by the sun's temporary nebulosity. By a gradual 
cooling, he thought that rings Lad been parted from the equa- 
t«rial zone of the sun's nebulous atmosphere, that these rings 
had settled into nebulous planets, which in cooling and con- 
densing had, in like manner, parted their satellites. He 
did not attempt to account for the cause of the sun's rota- 
tion, nor for the origin of the sun, or of the fixed stars, or 
of the comets or meteorites. All that he wrote on the nebu- 
lar tiieory amounts to less than a half dozen pages of an 
ordinary book, and it is all printed io Appendix V. to this 
15* 
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Tolume. Small ia bulk as it may appear, it is yet most 
valuable and meritorious, for it haa been tbe precious germ 
of wbat the nebular theory has now become. 

4. But a new theory was necessary to establish the 
nebular theory of Laplaee. Just as the theory of Copernicus 
was deficient for want of a force to hold the solar system 
together, so the nebular theory was deficient for want of a 
force to give motion to the solar system. Even assuming 
as an unaccountable fact the rotation of tbe sun, still no 
way was then yet thought of for proving that the velocity 
of this rotation could become so great as to impart a cen- 
trifugal equal to the centripetal force, and thus part a ring 
from the solar equator. By reading what Laplace wrote 
on the nebular theory in the Appendix to this volume, it 
will lie seen that he never once mentions gravity as a 
motive power in the formation of the solar system. Even 
assuming gravity to be the force that separated the original 
nebaloua mass into many members, there are yet many and 
great difficulties to encounter ia explaining the origin of 
various celestial phenomena. It must be shown how 
gravity coald endow some planets with a glorious halo of 
satellites, and leave others without even a single moon. 
It must be shown how some solar systems have one targe 
sun ia the centre, and how others canae to have two, such 
as Xi Cancri, and others named in Section IV. It must 
be shown how in many systems there is no central sun, 
but that all the matter of the nebulous mass may fly off by 
centrifugal force, and revolve around the centre of gravity, 
— which centre stands naked in empty space. It must be 
shown how the sun's velocity of rotation should so greatly 
decrease after parting the ring which formed Mercury; 
at the orbit of Mercury that velocity was 110,000 miles 
per hour; now it is only 4,560 miles per hour, — a 
decrease 24-fold. This could not be done, nor was any 



Hcssdb, Google 



347 

method known for calculating what, in the process of con- 
traction, the velocity of rotation should he. 

The theory of tiie present volume supplies the force ne- 
cessary to estahlieh the nehalar theory. By regarding 
gravity not only as the original cause of rotation, but as 
the cause of tlie increased velocity of rotation, we can cal- 
culate, from time to time, how rapidly the nebulous raass 
must have rotated, and then we discover that tho rotation 
must have coincided wiib the present planetary velocities, 
after all necessary friction is allowed. That same friction 
accounts for the decreased velocity of the sun's eqoator in 
the present era. 

Thus, as gravity supplies the force necessary for the 
Copernioan theory, so it supplies the force necessary for the 
nehalar theory. In the one theory, gravity gave the stars 
their motions in their orbits ; in the other, gravity retains 
them in their orbits. As the investigations by Mewton in 
the action of gravity proved the Copemican theory to be 
true, so I trust the investigations in the actions of gravity, 
as presented in tliis volume, prove the nebular theory to he 
true. Both theories are alike impossible without the foun- 
dation of gravity, 

5. By light all creation becomes known, and by light 
and heat all life, both vegetable and animal, is supported. 
Therefore, the origin of the light and heat of the sun and 
stars, enters our very first ideas of creation. Ko wonder that, 
in the most ancient and venerable of all books, the creation 
of light takes precedence of all other things. The theory 
that chemical action, or ordinary burning, causes all stellar 
light and heat, dates from time immemorial. It was held 
hy such great men as Newton and Laplace, and I suppose 
also by Davy, for to chemical action he ascribed the former 
fiery condition of the star on which we dwell. Lately it 
has been totally abandoned by all scientific men, but only 
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on account of A single difficulty. The objection is precisely 
on a level with those wHcli liave been made against the 
Copornieao and the nebular theories ; namely, the want of 
a FORCE to keep the process of the theory in operation. 
Where, say the objectors, is the force necessary to hold the 
solar system together ? Where the force to put it in motion ? 
And where tlie force to keep up the chemical action in t]ie 
sun so long? If its materials are like those of our ordinary 
flres, its burning must soon cease, for want of fuel ; but 
geology reveals that it has been sending forth light millions 
of years. Nevertheless, the proofs of the chemical origin 
of stellar light and heat are overwhelmingly strong, and 
tlie true scientific course, therefore, is not to deny the chem- 
ical action of the stars, but to search for the origin of the 
chemical force. 

6, The nebular theory and the recent theory of the con- 
version of forces afford the foundation for a new theory of 
force, by which the chemical action of the sun has been so 
greatly prolonged. According to the nebular theOry, as 
presented in this volume, ail the space within the ring of 
the Milky Way was occupied by matter in a nebulous 
condition, which broke up into stars. The matter of our 
own solar system, nearly all of which is now in tlic sun, 
occupied the space until half way to the nearest fixed stars. 
Assuming those to be a little more than 20,000,000,000 
miles distant, then the space occupied by tljo sun extended 
more than 3,622 times farther every way than the distance 
of Neptune. But we have already seen that the sun, when 
expanded to the orbit of Neptune, was 14,000,000 times 
less dense than hydrogen. Therefore when expanded 3,G32 
times farther, it must have been 666,000,000,000,000,000 
times leas dense than hydrogen. This great number ex- 
presses the repulsive ibree which then resided in the sun 
and separated its particles. What has l:>ecorae of tliis 
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force ? If has not been destroyed, for force, like matter, is 
indestructible. But it may haye been converted into some 
other force, the same as the ceafripetal force may be con- 
verted into the centrifugal force, antagonistic to itself. We 
may suppose that all this inconceivable amount of repulsive 
force has been converted into ciiemical force, also antagonis- 
tic to itself. We can think of no other way for its disap- 
pearance. We need not inquire how this conversion from 
repulsive to chemical force could take place, for we know 
not how any conversion of force takes place, except the 
conversion from the ceTrtripetal to the centrifugal force. 
We can thus understand how there may be an indescribable 
amount of chemical force deposited in the sun. It must have 
been there, if the nebular theory and the theory of the con- 
version of forces be true ; and of their truth a doubt can no 
longer survive. A large part of this chemical force residing 
in the sun has been expended or converted info light and 
heat, probably by far the larger part ; but how much sf ill 
remains, we have not the least grounds for forming an 
opinion. This large reservoir of chemical force in the sun 
may operate in producing light and heat by three difi'erent 
ways. 

a. The force maybe latent in chemical elements already 
formed. In oxygen and hydrogen there is a latent chemical 
force, which appears when these two elements combine to 
form water. In some elements a larger amount of this 
chemical force is latent than in others. How much force 
is latent in the peculiar elements of the sun, we have abso- 
lutely not the least idea — perhaps enough to afford our 
present supply of heat and light for many millions of years. 

6. The second way by which the vast reservoir of force 
in the sun may operate in producing an extraordinary sup- 
ply of heat and light, consists in the condition of aggregation 
and an intense activity on the part of all the ethereal media. 
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It is remarkable how many forces or ethereal media are 
always at work in powerful chemical action. Electricity, 
magnetism, heat, and light, are all active ; and. even gravity 
enters in among the rest to perform its part by simple 
pressure. When all the known physical forces, all these 
ethereal media, are at work together in so vast a tody as 
the sun, 882,000 miles in diameter, tbere must be an aggre- 
gative and reciprocal conflict of force, there must be an 
intensity of operation, which we cannot begin to compre- 
hend. ■ What may be their combined effect in producing 
heat and light, we have not the slightest means of knowing 
from our small experiments. The effect of even a single 
force on a large scale cannot be inferred from its eifect or; 
a small scale. We could never have known that a large 
magnet can cause gold and silver to point diamagnetically, 
fi'om seeing a email magnet. Neither could we have known 
thatpotash, soda, and lime can be decomposed into oxygen 
and the metals, from experimenting with a small galvanic 
battery. The great battery, or rather the great laboratory 
of the suuj most undoubtedly produces effects in the form 
of light and heat which go beyond aU our anticipations. 
For us to pretend to measure the heat-producing power of 
the combined action of all the physical forces in chemical 
action there, by our small operations here, seems most ab- 
surd. I speak with all due respect for the eminent men 
who appear not to have thought of this. 

c. The third way by which the great store of force in 
the sun and stars, may operate in producing heat and light, 
consists in the formation of new combustible elements. 
Hew chemical elements have been forming all along during 
the nebular condensations. Of this we have powerful evi- 
dences in the eight classes of facts already described. In 
what ways these new elements arc produced, we know not ; 
hut we can conceive of two. They may be formed of other 
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more simple elements, tlie same as we form compounds. 
They might then be simple substances to our means of anal- 
ysis, but they would be in reality compounds. This view 
becomes probable when wo loam from the nebular theory 
that matter has been condensing by chemical action from a 
eonditioti 666,000,000,000,000,000 times more rare thao 
hydrogen. It must have combined over and over again 
many thousands or millions of times ; and what we call 
simple elements must be almost infinitely comples. Again, 
new combustible elements may, pertaps, be created out of 
incombustible compounds by means of the physical forces, 
the same as elements may be changed into allotropic states 
by the physical forces. In this case, however, as much 
force would, perhaps, be expended in making them combus- 
tible as could be derived from them in. the form of heat and 
light. But the amount of force is not the difficulty. That 
we know exists in the sun, and we daily fee! its power. 
The precise thing which we want is not force, bnt force in 
operation as chemical action. 

Thus the Copernican theory, the nebular theory, and 
the chemical theory of stellar light and heat, were ail dur- 
ing long periods discredited for want of forces to keep them 
in operation. The incouccivable amount of repulsive force 
which held matter ia a diffused nebulous condition, and 
which we may now regard as converted into chemical force, 
supplies what has been wanting in the chemical theory, and 
gives it a firm foundation. 

7. The next great theory of creation was to account for 
the structure and formation of the soKd globe on which 
we live, including the origin of the continents, the islands, 
the mountains, the varieties of rocks, and the fossil remains 
of plants and aninaals. After centuries of observation and 
deep thought by many men in all countries, the conclusion 
was reached unanimously in the beginning of tlie present 
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century, tLat the interior of our earth is in a highly heated 
condition, that the solid crust is composed of either igneous 
or aqueous rocks, that the igneous rocks have cooled and 
hardened from a former melted state, that the aqueous rocks 
have heen deposited as sediment iu the bottom of waters, 
that tie continents and ielatids have heen raised up hy 
mighty forces above the waves, and that the fossil remains 
of plants and animals are the relics of the former inhabit- 
ants of our planet, whieh flourished at very different eras 
during many millions of years in the past. 

This was one of the grandest acquisitions ever made, 
but lis great defect was ia not accounting clearly and defi- 
nitely for the forces which had done all these wonders. The 
forces themselves were pretty generally known, but about 
their action tlie most extravagant opinions were enter- 
tained, such as the instantaneous rising up of continents 
and mountains, the sweeping of great ocean-waves over the 
lands, the sudden extinction and again the equally sudden 
creation of tens of thousands of species of animals aod 
plants. 

S. The next great theory was about the rOKCES which 
had produced all these vast geological phenomena. It was 
originated, as far as I am aware, and ably explained and 
advocated, liy Sir Charles Lyell. In his " Principles of 
Geology," he showed, to the satisfaction of all geologists 
now living, that all geological phenomena had been brought 
about very slowly, and without any sudden general catas- 
trophes, by the ordinary forces wliich are now around us 
in daily operation. It has been truly said that " the publi- 
cation of ' The Principles of Geology ' forms one of the eras 
in science." 

Some readers may think at first view that this is giving 
too much credit to Lyell. All the forces, the igoconSj the 
aqueous, the chemical, the atmospheric, the solar iu heat. 
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the luDar in tides, tie organic in animals and plants, had 
been discovered long before. But these forces were sup- 
posed to have acted with far greater intensity, on a much 
grander scale, and with an unknown irregularity in former 
geological eras. Hence former writers spoke of universal 
catastrophes, the sudden sinking and ilie sudden emergence 
of continents, the instantaneous destruction of all animal 
and vegetable esistance, and again their sudden and inatan- 
faneoiK creation. This wild confusion, this chaotic uproar, 
this sweeping of great waves over continents, were no 
longer mentioned after the appearance of Lyell's " Princi- 
ples of Geology." By this we see how great an advance 
was made liy the discovery that the ordinary forces now in 
operation, in their present intensity, in their preseat man- 
ner, are sufficient to explain the origin of all the facts in 
geology. The islands and the continents have doubtless 
been raised above the waters, and their monirtaia-peais 
have been reared far above the clouds, by the very forces 
which are now raising them up little by htfle. We can 
trace the searbeaehes one after another to higlier and 
higher levels, and other evidenues bring ua at length to the 
loftiest mountain-tops as the results of a slow and nearly 
continnous process of elevation. 

9. Another grand theory accounts for the creation of 
the many species of plants and animals, not only of those 
now living, but the far greater number revealed by geology 
in former epochs of the world's history. Ail believe that 
the creation of all things, in every department of the uni- 
verse, is the work of a Wise and Benevolent Being ; and 
that these exquisite organizations of plants and animals 
have been desigacd and brought into being by Hia direct 
superintendence. But the great question arises, How has 
Ho done this? Was it done from time to time, in the suc- 
cessive periods of the world, by audden exertions of miracu- 
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loiis power, or did He work by means and according to 
laws? There are the most powerful and convincing rea- 
sons for lielie'ving that the various species of animals and 
plants were originally formed by law and by means, the 
same as individuals of all species are now created by law 
and by means. This, to use an old Hebrew expression, is 
" the way of the Lord," So He created the stars, so He cre- 
ated the geological structure of our globe, and so we may nat- 
urally suppose He created organic beings. At the present 
era there are about 500,000 species of animals and plants 
aliTc oa our globe. Of these, about 150,000 are planti, 
and about 800,000 are insects. I suppose our world has 
been gradually emptied of one set of its inhabitants, and as 
gradually and insensibly filled with another set many ihoa- 
sanda of times ; the outgoing of the one and the incoming 
of the other proceeding simultaneously. But on the suppo- 
sition that there has been only a hundred different sets of 
inhabitants on our globe, a supposition which no geologist 
will deny, then there most have been created in all 50,- 
000,000 of different species. Now it is our uniform ex- 
perience, that when G-od creates things by the tens of mill- 
ions, or by the hundreds of millions. He does this not by 
miracles, but by general laws and by specially adapted 
metvns. When, for instance. He creates, every season, for 
the sustenance of man, many miUions of grains of wheat. 
He performs no miracle ; He works by means and accord- 
ing to laws. Tliis is His " way." "We can think of no 
possible reason why He should have departed from His 
way, to perforna 50,000,000 of miracles in creating plants 
and animals. If God performs a miracle, we may be cer- 
tain that He has some well-known object in view, but we 
can think of no object for the performance of these 50,- 
000,000. 

;, then, that all species have been created by 
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specially adapted meai^ and according to geQeral laws, wo 
can thinfe o£ only one process of their creation, and this is, 
that one species was produced by moans of another almost 
precisely the same. This is called the tlieory of the trans- 
mutation of species. There are about three hundred species 
of doves, about three hundred species of hiimmiag-birds, 
and in the United States alone, about six hundred species of 
fresh-water mussels ; and in the same country there is an 
equal number of species of water snails called melania, or 
nearly allied to melania. There are in all about two thou- 
sand species of land snails, and about Ave thousand species 
of mushrooms. There are many genera of plants whose 
species are numbered by the hundreds. In all these 
genera, the several species so nearly resemble one another, 
that ordinary obaerrera cannot fell the differences between 
them. In this way the theoiy of the transmutation of spe- 
cies supposes there have been insenaibla gradations between 
all Uving things, and that they all may be traced back little 
by Utile to simpler and simpler states, until they arrive at 
last to the same form, a round cell. Greology reveals the 
great fact that the first created plants and animals were very 
low in the scale of organizatioo, and that in every new epoch 
in the world's history, higher and higher forms have ap- 
peared. We are therefore led to believe that the first organ- 
ized living things were simply round cells in the water. 
By what means God created these, an^ endowed them with 
what is called vital force, no one knows as yet. These 
round cells varied so as to become plant cells on the one 
hand and animal cells on the other. The animal cells then 
varied into four different departments, the radiates, the 
molluscs, the articulates, and the vertebrates. These de- 
partments each varied again into three or four classes. 
The classes next varied into different orders, and the orders 
into genera, and the genera into species. In this veiy sim- 
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pie aad natural maimer we can account for cYciy peeuliar- 
ity in all plants and animals. 

Who originated this theory I do not know. It has bcon 
advocated in the present and in the preceding century, but 
its history through the distant past has not been written. 
Until quite recently the weak point of the theory wio that 
it could assigti no sat fai; yr k pf th han 1 m n 
species to anoth S n app lit ut a d phj al 
conditions, such a land nl at Idanlhat Inp- 

ness and drync 1 di and plams fo ts n 1 m ado s 
fruitful lands and 1st L m ntain all ys nd the 

like. Others thought that the strong inward feelings and 
desires of tlie individuals caused the outward shape as well 
as the internal organization to change. One author fliinks 
tliat God so contrived all species, that hke should produce 
like until such time as He had ordained a change ; and that 
then,.hy a small variation, a new species should lie prO' 
duced, which should continue permanent for another long pe- 
riod, until its own turn arrived for producing another change. 
But all these causes for the change from one species to an- 
other were unsatisfactory ; and for want of an adequate 
force for carrying on its process, the theory remained neg- 
lected. The creation of new species from time to time in 
the world's Iiistory was regarded as the " mystery of mys- 

10. The honor of discovering the force for changing one 
species into another belongs to the profound and devoted 
naturalist Charles Dabwin, He calls it variation and 
selection. It is a familiar fact that no offspring is precisely 
like its parent, and that no two animals of a litter or fam- 
ily and no two plants of the same species are. alike. Varia- 
tion within small limits is the universal rule. Any indi- 
viduals that vary in a way that is advantageous, will be 
better ahlc to prolong their existence, when their paternal 
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forms arc Jeil fo fall a prey to their living enemies, to the 
violence of the seasons, and to the scarcity of food. There- 
fore, these new forms arc said to be mlectad for living and 
propagating. These in their turn ■will inevitably prodaee 
other new variations, some of which will he still more favor- . 
able for prolonged existence ; and these again, in the com- 
petition or battle for life, will be selected to live and propa- 
gate when their paternal forms are unable to maintain their 
existence. Thus, in adding little by little hundreds of times 
over to any one species, any amount of changes may occur. 
These changes are not caused directly by any external con- 
ditions. They arise, first, from the universal tendency of 
the vital force for variation; and, secondly, from the selec- 
tion of improved variations to live and prolong their race. 
This law of variation, and this inevitable selection for life 
of the most improved variations, must be regarded as llie 
force for producing new species. Wben the species be- 
come very much changed, they arc called new genera ; and 
when the genera change, they become new orders. 

While we can trace resemblances between all living things, 
evea between plants and animals in their very lowest forms, 
there are nevertheless lost lints in the chain of being, wide 
gaps here and there between animals most nearly related. 
Between the dog and the bear, and between the dog and 
the cat, there are large spaces ; and any one of these forms 
could not possibly have produced another. This is ad- 
mirably explained by theory. These lost links, these wide 
gaps or spaces between different forms, represent many 
forms that have been crowded out of existeaee. These 
extinct forms were far more numerous than the forms now 
living. Let us suppose, for illustration, that from the car- 
boniferous period until now, there have been one hundred 
and one different sets of inhabitants on our globe. Then, 
as one hundred of these sets are dead, and only one living. 
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the nuinber of perished forms must be to the number of 
living forms as ono hundred to one. Therefore the lost 
links in the chain of being, those wide gaps betweca dif- 
ferent living forms, are evidences which favor the theory of 
the transmatation of species. Tfaey are inevitable conse- 
qnencea of that theory, and confirmatioQs of its troth. The 
fossil remains confirm this view. They are being discov- 
ered by hundreds every year, and they arc constantly restor- 
ing the lost lints in the chain of being, constantly filling up 
the gaps between one form and another. Quite recently a 
petrified bird was found, with a long tail of several ver- 
tebrse, like a dog or lizard, each vertebra having a pair of 
large tail-feathers. It is extremely improbable that all the 
lost species will ever be discovered in a petrified state ; but 
the evidence of geological discoveries, so far as it goes, is 
perfect in favor of the transmutation theory, because the 
discoveries, as fast as they proceed, are constantly restoring 
the genealogical tree by filling up the vacant spaces between 
kindred forms. 

Here, for want of space, must cease our review of 
modem theories of creation. They are tea number, and it 
is plainly seen that they divide themselves into two classes : 
those of operation, and those of force to carry on the opera- 
tion. The five theories of operation are the Copemican 
theory, the nebular theory, the chemical theory of stellar 
light and heat, the geological theory, and the theory of the 
transmutation of species. The other five are theories of 
force, because they are employed about the powers by which 
the known universe was created, and by which it is now 
upheld and moved in admirable order. In all these cases 
the theories of operation were formed before the theories 
of their respective forces. This is the natural order of dis- 
covery as it proceeds from effects to causes. But in every 
case, when any theory of force has been formed. It has 
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added iiistaully and largely new light to its corresponding 



theory of operati 
wonders to the C 
immediately and 
ment to the gcolo; 
at once and by hi 



Newton's theory of force added 
a theory ; Lyell's theory of force, 
va hands, gave an onward laove- 
logical theory; Darwin's tlicory of force, 
1 application, established on an en- 
during basis the theory of the transmutation of species. It 
is hoped that the formation of two new theories of force, as 
explained in this volume, will add their tine contributions, 
both to the nebular theory and to the chemical theory of 
stellar light and heat. 

From all these theories it appears that the government 
of the world — the cosmos — is now carried on by the same 
forces by which the world was created. Indeed, the crea- 
tion and the government of the world is but a single 
continuous act. Tiie same gravity which put the solar 
systeia in motion, stiH controls that system. The same 
chemical force which lit up thestara, still makes them shine. 
The same geological (^encies which fashioned our globe, 
are still laying down new strata, raising them up, and 
moulding their surfaces. We know not, indeed, the forces 
employed in the formation of the first organic cells, but we 
know that the same forces by which all plants and animals 
have been evolved from simple cells, now animate and con- 
trol them. 



SEOTION SLIII. 

THB HBTORT OF OEEATION. 

In writing the history of the past, we can go back to 
the time when all matter was difiiised through aU known 
space. There it hangs as a veil, hiding from our view all 
the previous doings of the Eternal. There let our fartliest 
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point of vision rest contented until dear and well-founded 
revelations enable us t* look beyond. 

In this diffused nebulous matter contraefion began, and 
it brake up into immense masses. Each one of these re- 
eulted in a stellar system. Tliey now appear as faint 
patches of light on the dark ground of space, and good 
glasses resolve a few of them into millions of stars. Some 
of these patches arc caUed globular, some elliptical, some 
planetary, and some annular nebul* ; and others, with a 
great star in the centre, arc denominated nebnloas stars. 

Our own stellar system consists of a ring of stars called 
the Milky Way, a disk of stars within, and scattered nebula 
without, that Way ; both the disk and the scattered nebulffi 
lie in the plane of the ring. But disk, ring, and scattered 
outer nubulai at first formed a single very irregular nebu- 
lous mass. It subsided into a globe, rotated, abandoned 
rings one after another, and spread out its sinall remnant 
into a cootral disk. The outer rings broke up into several 
large masses, and then each mass separated into a system 
of stars, forming the outer scattered nebulie. The inner 
ring and the central disk preserved tlieir general shapes, 
but each one also separated into smaller masses, which 
formed smaller clusters of stars or solar systems. 

Our own solar system, when in the condition of a very 
rare nebulous mass, was not very iri'egular in shape. Soon 
it became round, rotated, and abandoned rings. First its 
rotation was extremely alow ; then by degrees it increased 
its velocity to 12,500 per hour, when the ring forming Nep- 
tune was abandoned. Its speed was still increasing, for its 
surface was gliding down an inclined course under the con- 
tinued action of gravity ; and at last, after parting many 
rings, it reached the enormous and almost incredible velocity 
of 110,000 miles per hour. Then the ring resulting in 
Mercury was parted ; but no more rings were parted, bc- 



Hcssdb, Google 



THE HISTOEY Off OEEATIOM. 361 

cause no greater velocity of rotation was reacliecl. The 
iafcrior of the mass had been settJiog in radial lines 
toward the centre, and without rotation. The time arrived 
when condensation had reached a point that necessitated a 
greater friction between this imrotating interior and the 
awiftly-rotating exterior. Hence the exterior was greatly 
retarded, and this retardation continued until now the equa- 
torial velocity of tte sun is only 4,564 mUes per hour. 

The ring from the nebulous sun, giving origin to our 
earth, broke, like all the other solar rings, and became a 
contracting, rotating, nebulous globe. This latter nebulous 
globe was large enough to abandon only a single ring, and 
that, after anbsiding into a rotating globe, became our moon. 

We have seen reasons for believing that the contraction 
of nebulous matter was caused by chemical combination. 
This combination produces heat and light, and hence the 
light and heat of the sun and iiz:ed stars. But it is tbe 
nature of chemical action in any body to come to an end ; 
and we see, therefore, that as the stars condense, the light 
of one after another goes out, and they become lost stars. 
AH the members of our solar system, except the great 
central one, have lost their light, and they are now opaque. 
Chemical action on so grand a scale as an entire star must 
evolve heat euough to hold matter in a liquid condition ; 
and hence the present liquid condition of tbe sun and fixed 
stars, and also the former fused condition of the earth and 
the moon. 

But it is the nature of a heated body to radiate away 
its beat, and hence a solid crust began to form on the moon 
and on the earth. This crust was first in patches, floating 
about, aiS ico iirst congeals on a river surface. They were 
at a temperature of white heat, like the spots oa the sun, 
which are still less brilliant than the surrounding liquid, 
and therefore seem dark by contrast. These solid spoia 
13 
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floated, because all solid roclca, like layas, float on the sur- 
face of the same rocka when melted. The same is true of 
cast iron. At loDgtli, as they multiplied in number and 
grew in size, they completely enveloped the liquid globe 
whose light was now extinguished, except here and there, 
faintly and temporarily, in volcanic eruptions. The moon 
being the emaller, and having do deep atmosphere heavily 
charged with watery vapor, cooled more rapidly by far than 
the earth ; and hence the lunar volcanoes are so muoli more 
nnmerouSj so much larger, and all long ago extinct. 

When the solid crust of the earth was atill red hot, all 
the wafers were floating in the form of vapor in the atinos- 
phere. With such a coating, bow slowly, according to 
Professor Tyndall's researches, must the earth's heat have 
radiated away ! But as it cooled, the vapor condensed, set- 
tled down, and became the water of the ocean, completely 
enveloping the solid glohe. Whoever, near an iron furnace, 
has seen the solid, glassy slag, anhydrous, and overcharged 
with lime, crumble into a paaty mass at the first fall of rain, 
can imagine that much of the solid crust of the earth, anhy- 
drous, and overcharged with alkalies, must have dissolved 
into a soft, muddy mass when the waters first came down. 
That mass became the ready material for being afterwards 
washed away by ocean currents, and laid out into stratified 
aqueous rocks, 

The hent of our globe continued to radiate away, and 
contraction followed. But the liqaid interior, like all 
liquids, contracted in volume more than the solid exterior 
crast. That crust, therefore, became too large. Hence it 
wrinkled into furrows, to suit the diminished size of the 
globe. The downwai-d bends of the furrows formed the 
ocean floors, and the upward bends became the islands and 
continents. At first the lauds were low, level, and moist ; 
Uiea the surface became more undulating as the fuiTowing 
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increased ; then hills and mountaina were raised up ; valleys 
were scooped out hy running waters ; and at length, after 
milliona of yeai^, its present surface was assumed. 

Life began at a very early period in the waters when 
they were still warm, and covered the entire globe. Vegeta- 
bles and animals, we suppose, were at first only simple round 
cells, and afterwards became more complicated and varied. 
They were all marine. The atmosphere was too heavily 
charged with carbonic acid to support air-breathmg ani- 
mals, except the very lowest amphibian kind. But in pro- 
cess of time this gas was absorbed by the iime and by the 
land plants, forming coal and carbonate of lime. This car- 
bonate of lime, after being employed for the hard parts of 
the lower animals, now appears as chalk, limestone, and 
marble. 

Thus was the air fitted for the higher orders of animals. 
The first air-breathing animals were of the lowest air- 
breathing forms, and allied to the frog, which, in its early 
days, has the character of a fish. Afterwai-ds higher and 
higher structures of reptiles were produced. Then came 
the birds, though at first they had long tails like reptiles. 
Then higher and higher orders of birds, and last came the 
mammals, the highest class of all. But the lowest orders 
of this class first appeared, such as the marsupials and the 
pachyderms. Then came the ruminants, then the carnivorous 
orders, and then the fruit-eating monkeys, sporting in the 
tree-tops. Man appeared last on the globe. His antiquity 
dates back, we cannot say how long, but it is cei-fain that 
his years must be reckoned by the hundred thousand.* 

Ey all this history it is evident that the nebular theory 
and the geological theory contemplate but a single process. 
The point cannot be defined where the one ends and the 

* Sec Lyell'3 "Antiquity of Maa," ami recent viiirks by otlier 
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other begins. The ocean was nebulona long after the land 
was solid. "We can trace a connected chain of events, he- 
ginning at onr own era, and going back through the long 
ages that are past, until we arrive at the period when all 
matter waa diffused everywhere in a nebulous condition, 
many thonsand billion times more rare than hydrogen. 

Such is the grand process of creation. It is not yet 
done. It is going on rapidly in our own day — more rapidly 
than ever. Changes in the earth's structure and in its in- 
habitants are constant. New strata are being laid in the 
waters, new deltas are forming, new deposits are made on 
subsiding regions, and other regions are bodily rising up 
and suffering denudation. The agency of civilized man is 
an additional force for geological changes. Five bnndrcd 
millions of tons of coals, and ores, and rocks, and clays, 
and other minerals, are annually raised from the earth, 
and transported and changed. The ploogb, tbe spade, the 
hoe, and the harrow are only beginning their mighty 
work. And this work will bo increased many fold when 
driven by steam and electro-magnetism. These agricultural 
implements mellow the earth's surface and clear away 
a matting of forest and other minor roots; thus the rains 
are assisted to carry off greater qjuantities of sediment, to 
level the prominences, to flU up the depressions, and to con- 
vey the earthy materials far away to the ocean-beds. 

Corresponding changes are necessitated in the vegetables 
and animals. Every intelligent botanist knows how many 
tribes of plaafs arc migrating to regions where they were 
before unknown. With the plants move the animals that 
live on the plants. Man, " flio mighty hunter before the 
Lord," is causing many tribes of animals to disappear. 
Those whiiih remain acquire new instincts and new charac- 
teristics to adapt them to the change. With civilized man 
come new animals, either subjected to his use, or parasitic 
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upon liim, like the rat, or like many species of insects that 
liye on bis cultivated plants. Man himself ia changing, 
latellectnal, refined, and li™g more by his iogenuity than 
by his strengtli, he ia a different being from the sav£ 
■whom passion and physical force are the chief traits. Thi 
change in man is also now going on more rapidly than 
Eeason, humanity, and intellectual exertion are becoming' 
more and more prominent. Ia the use of tiie physical 
forces, we are just learning what it is " to have dominion 
over the earth and to subdue it." Steam, electwcity, the 
printin^preas, the paper-mili, and a thousand other new 
arts are changing human conditions, human employments, 
human habits, and human characteristics. Mind ia becom- 
ing more and more the standard of the man. 

As when a ball rolls down an inclined plane, and ac- 
quires constantly new velocity, so the sublime process of 
creation appears to be a constant rolling down, a daily os- 
peaditure of force, and it now progresses with a greater ve- 
locity than in former eras. The human mind is becoming 
one of the great forces of creation. With the Wise One of 
Galilee we can say, " My Father worketh hitherto and I 
work." With Pawl wc can esclaini, " Now then we are 
workers together witli God ! " 



SECTION XLIY. 



Feom the facta and reasonings of this volume, it appears 
that the creation of the world, the forms and the arrange- 
ments of the material universe, have been brought about 
by special forces. These forces are still in operation, and 
by these the world is now moved and governed. 

In all things we at once perceive the difference between 
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design and ctancc. How quickly do we recognize cliauce 
in a tboiisand bricks thrown carelessly on a iieap ; and how 
quickly do we recognize design in the same bricks carefully 
built in a wall ! ' We need but open our eyes at any hour, 
and the multitudes of objects around us divide themselves 
into the one or the other of these two classes. "Wlierever we 
see an object adapted for certain ends or purposes, there 
we see design. Through all creation the instances of design 
are innumerable. How woaderfully are the human arm and 
hand adapted for special purposes 1 How wonderful a piece 
of machinery is a tree for producing flowers and fruit 1 
How wonderfully is the sun adapted for the well-being of all 
plants and animals which rejoice in his raya ! Whore there 
is contrivance and design, there must be a contriver and 
designer. 

All creation everywhere is the work of design ; and as 
creation has been brought about by the ageacy of special 
forces, therefore these forces are the work of design. They 
have been contrived or designed for producing special pur- 
poses, the beautiful and sublime forms of the universe. 

All creation is now governed by the same forces by 
which it was produced. Tlie government of the world and 
the creation of the world is but a single piece of history, a 
single act. And as its creation was by design, therefore 
its present govemraeut is liy design. The same Contriver 
and Designer who presided over its origination, now pre- 
sides over its movements. This Originator and Upholder, 
this Contriver and Designer, we call God, the First and 
the Last, the Beginning and the Ending ; who is and who 
was, and who is to be, the Almighty. 
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The process for finding the velocity of rotatioa of a 
contracting nebulous sun, at different periods ia the history 
of its contraction, consists of two parts, as follows : 

First Part. — Find the velocity of a fall from iafiaite 
apace to the orbits of the several planets, regarding the sun 
from time to time as expanded to those orbits. That velocity 
would be ~ V i, gr ; in which formula r stands for the 
sun's radius, or, in other words, the planet's mean distance ; 
g stands for the velocity, in feet per second, of a fall at the 
end of one second on the suu'a aorfaee, when so enlarged. 
This latter velocity is found fiwrn that at the earth's sur- 
iace, which is 32.16 feet per second, by comparing the masa 
and radius of the expanded sun with the masa and radius 
of the earth. 

Second Part. — Let M be the velocity of a fall from in- 
finite spa«e at the orbit of any planet, and let N be the 
velocity of a fall at the orbit of the next interior planet. 
Then N — M will be the velocity gained by a fall from the 
former fo the latter orbit. Then N — M added to the 
actual velocity at the former orbit, will give the velocity at 
the latter orbit as due to gravity. IVom this latter velocity 
subtract the actual velocity of the planet at the interior of 
the two orbits, and the remainder will be the retardation 
by frictioa on the inclined course between the two orbits. 
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The reason for tbis Second Part of tlie ealealaliou arises 
from tlie refardation by friction. This friction is p,n abso- 
late necessity ia the nebular theory. It is an essectial part 
of that theory, and without which tbe theory cannot stand. 
Therefore, any calculation or demonstration on planetary 
velocities, ignoring this friction, or tliis Second Part in the 
above process, is worthless. "WTiat would be said of any 
mechanical engineer who ignored friction ? The solar sys- 
tem is a mechanical prodnctlon, and in its formafive process, 
when its parts were moving on one another, friction was 
clearly inevitable. 



APPENDIX n. 



The following demonstration was presented by some 
three or fonr very intelligent mathematical gentlemen as an 
objection to the conclusions in this volume on the cause which 
gave motion to the stars. It is placed here, with a rejoin- 
der, to prevent the same objection from arising again in any 
other way hereafter. It may occur independently to other 
minds. The error of the objection arose from ignoring 
the Second Part of the process explained in Appendix I. 
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This relation being essential to stability, must exist, 
mkat&ver be the origin of tlie Telocity. Ilcnee it proves 
nothing as to the source of the orbital velocity, except that 
it is entirely compatible with the assumption that it is due 
to gravity, 



This relation between any orbital velocity and a fall 
from infinite spaee to such orbit, cannot be said to bo " es- 
sential to stability." Nothing more nor less is essential to 
stability in the case here mentioned than an orbital velocity 
which shall produce a centrifugal force equal to the centrip- 
etal force. The even balance between these two forces 13 
the fact essential to stability. The constant relation be- 
tween the orbital velocity and the velocity of a fall from 
infinite space " mjist exist " indeed, but this is an additional 
and another different fact, and exterior to the precise thiag 
which is " essential to stability," 

This constant relation is truly " compatible with the 
asstimptiou that the orbital velocity is due to gravity," but 
so far from " proving nothing as to the origin of that 
velocity," it proves a very great deal. It proves that now 
we are acquainted with a physical force which, acting in 
accordance with the nebular theory, is powerful enough to 
produce velocities as great as any of the orbital velocities, 
and also in such immense bodies as the planets, and again 
in the very directions in which the planets move. What 
makes this proof more important is, that we are acquainted 
with no other physical force capable of doing any of these 
things. Moreover, that force would not be powerful enough 
to produce any one of these orbital velocities Tsry far 
beyond the orbit ; and if it be too powerful, abstractly 
viewed, to produce any one of these orbital velocities in the 
region where it moves, yet if viewed as acting in accord- 
16* 
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anco with the nebulsir theory, then that force and those 
several velocities perfectly coincide. 

The relation between the orbital Telocity of a plauet 
and the velocity of a fall from infinite space to the orbit of 
that planet, viewed abstractly and alone, and independent 
of friction, is not taken in this volume to prove tbe origin 
of that orbital velocity. There is a discrepancy between 
the two as 1 to 4/2, or as 1 to 1.41. Bnt in ascertain- 
ing whetlier gravity be the origin of the orbital velocity of 
any planet, we must proceed in accordance with the 
nebular tteovy ; we must compare the actual velocity of the 
planet, not with the velocity of a fall from infinite space 
independently of any other considersfioa, but with the 
velocity of a fall from the orbit of the next outer planet 
added to the actual velocity of that outer planet. Take 
the earth, for example. Its actual velocity is to the velocity 
produced by gravity in a fall from the orbit of Mars added 
to the actual velocity of Mars, as 1 is to 1.08. This excess 
of .08 of the force of gravity can be shoivn to have been ex- 
pended, not in givingvelocily to the earth, but on a very dif- 
ferent object, thus leaving the actual velocity of the earth to 
its reqmred velocity from gravity as 1 to 1. The same rule 
of procedure must be applied to aU the other planets, ex- 
cept, of course, Neptune, which has no ,exterior planet ; 
but in his case there is a special and peculiar way for show- 
ing how the comparatively large excess of gravity, thirty 
per cent., has been expended. All this appear as follows. 

Hitherto all writers, except Sir William Herschel, who 
have tried to account for the rotation of a contracting 
nebulous mass, have in a vague, indefinite manner ascribed 
that rotation to the meeting of the particles at the centre 
of the mass. But we cannot look for the origin of the ro- 
tation in the central region of the mass, because that region 
is nearly without any motion. The entire central space, 
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many millioDS of miles in diameter, is nearly quiescent, 
and all, or vevy nearly all, the movemenJa must be on the 
surface of the mass. Let the line AB, divided into ten 
equal parts, represent a radius of a contracting glohe, 
the centre being at A. Assuming that it contracts 
one-tenth part of its radius, every portion contract- 
ing equally, then 1 will move to 1', and 10 will move 
to 9. Thus it can be seen that the surface at 10 
moves ten times more rapidly than the interior at 1. 
The nebular theory, as explained in this volume, re- 
gards the sun as having occupied all the space all 
around until half the distance to the nearest fixed 
stars ; that is, on every side 3,622 times farther than 
the orbit of Neptune. But on the assumption that 
AB extended only 100 limes farther than the orbit 
of Neptune, then the inward vertical movement at 
the orbit o£ the earth would be 3,000 times slower 
than at the surface of the nebulous mass. At the 
orbit of Mercury that movement would be 8,000 
times Blower than at the surface. 

But there mast be another and a far more efficient 
cause for rapid motion at the surface, and nearly at 
right angles to the former. The original nebular 
masses, breaking up from a nearly equal diffusion of 
matter throngh space, could not at first have been 
round. They must have been more or less irregular. 
Being expanded by the ordinary principle of repul- 
sion which forme gases, the force of gravity could 
not cause a collapse or general unimpeded rush 
toward the centre. It could only bring down the 
prominences by lateral movements into the adjacent 
depressions. By this operation all around tJio globe 'i : 
very many currents would be formed, and these, by the 
composition of forces, would result in one general current. 
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This current could not be deep, except the original mass 
were extremely irregular. On account of the continued 
slow contraction of the nebulous globe, tliis current would 
move down an inclined course, and therefore it could not 
slop, but must move more and more rapidly. This would 
constitute the rotation of the nebulous globe. But all tbe 
region inside of the rotating surface would move in radial 
lines toward the centre ; and as we can conceive of notbing 
to turn those interior parts from the radial direction, so wc 
can conceive of nothing to produce a rotation at the centre 
through mere contraction. The central region being filled up 
from all sides, would become the more dense, and that density 
would be an additional cause for a slower ntovement there. 
The rotation of the nebulous globe would, therefore, be 
wholly on the surface, and being always in frictional con- 
tact with the interior, it would be retarded by that interior. 
During the first stage of contraction in the history of a 
nebulous globe, the several partial currents would be re- 
tarded by one another, and perhaps, ia some cases, be re- 
duced to nearly nU before one general rotating curi'ent 
could be produced. Then, if that one current were very 
shallow, its retardation, by contact with the unrotating in- 
terior, would be the greater in proportion to its want of 
momentnm, or vis viva. It is easy to conceive of cases 
where this initial current would bo so shallow that its re- 
tardation would prevent it from ever acquiring a velocity 
that would mate tbe centrifugal eciual to the centripetal 
force, and hence such a sun could have no planets, or such 
a planet as Mars could have no satellite. Let ua suppose, 
h w th ase of our sun, that when its surface, by 

eont A i n I ad ched the orbit of Keptuno, the velocity 
of ts q t I one, impelled by gravity, was rapid 
null q al the centripetal and centi'ifuga! forces. 
Th n a ng w uld be separated, and the velocity of the 
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planctresaltiogfrom that rmg would bi' ctiual toNiptuiip's 
Therefom, in the case of the extreme outer planet ■while 
coming down an inclined course — say from latinite spice — 
impelled all aloftg by the force of gravity, we see how 
the entire amoant of that force was not expended on the 
velocity of the planet ; a large amount of the tone wa^ 
necessarily expended in o\ercommg re3i9tiQw,'4, when the 
several partial currents were counterattmg one another, 
and when ailer all these had coalesced into one, tins one 
primitive corrent was very shallow, and its small momentum 
waa destroyed by friclional contact with the unrotatiug in- 
terior. By these resistances SO per cent, of the velocity, 
which should have been produced by gravity, was destroyed. 
Hence we see how the actual velocity of Neptune, com- 
pared with the velocity of a fall from infinite space, is as 1 
to 1.41. 

Very difierent Js the case of all the ofhor planets and 
asteroids. From the orbit of Neptune the original nebulous 
sun contracted about 1,000,000,000 miles in radius to the 
orbit of Uranus. Then the surface of its equatorial zone, 
impelled by gravity down an inclined course from one orbit 
to another, should have an additional velocity. This addi- 
tional velocity should equal that of a fall from orbit to 
orbit. The velocity of this fall would amount to about one 
and a quarter miles per second ; say 1.244. Add this to 
the actual velocity of Neptune, nearly three and a half 
miles per second — say 3.491 — and we have 4.735 miles 
per second for the velocity of the equatorial zone at the 
wbit of Uranus. But the actual velocity of Uranus 
is 4.369 miles per second ; and therefore the actual velocity 
of Uranus is to the calculated velocity from the force of 
gravity as 1 to 1.08. But on what has a portion oi' the 
force of gravity — the .08 — been expended? Evidently it 
has been expended by frielion on the unrotating int«ricr of 
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the nebulous son. The discrepancy, therefore, can be ac 
counted for. Moreover, if by friction there be a loss of ve- 
locity due to gravity of eight per cent, through a contrac- 
tion in diameter of 2,000,000,000 miles, then there would 
be a loss of one per cent, through every 250,000,000 miles. 
This is aa infinitesiraally small loss, and nearly unworthy 
of being taken into account, even if we could not point out 
how it occurred. The same very near coincidence between 
the actual and the calculated velocities occurs ia the case of 
every other planet and asteroid, aa has been exhibited in 
two tables in their proper places. 

Still, it may be said that " this relation proves nothing 
as to the origin of the orbital velocity." We do not see 
an actual connection between gravily as the cause and the 
orbital motion as tlie effect. The same may be said, and 
was long said, about gravity as the force that holds the 
planets and satellites in their orbits ; and hence a long 
period elapsed, after Newlon's demonstrations, before the 
scientific world in general believed gravity to be the cen- 
tripetal force in astronomy. But the mere coincidence be- 
tween the amount of gravity and the amount of centripetal 
force, occurring in &o many cases, at last compelled belief. 
It is proper thus to advert to the grounds of our belief in 
gravity as the force that holds the planets in their orbits, in 
order to see whetber we have the same gi-ounds for belief in 
gravity as the force that gave them their velocities in their 
orbits. Hero are two distinct classes of coincidences : the 
first proving the centripetal force, and the second proving 
the centrifugal or projectile force. The two classes arc 
precisely equal in number and in signifieaaee. There is a 
third class of coincidences, adding force to the second, and 
proving that gravity is the origin of the rotations in tlie 
solar system as well as of the orbital revolutions. There 
is still a fourth c!a'*a, also adding force to the second, and 
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proving that gravity not only gave motion to the laembera 
of the solar system, hut, wiile acting on a contracting nch- 
uloua aiasa, moulded and fashioned the solar system into 
an intricate piece of meclianism, consiating of more than a 
hundred separaf* parts, shaping and locating those parts in 
admirable harmony. Every satellite of Jupiter, as we have 
already said, has tliree simultaneous motions, one of rota- 
tion, one of revolution around Jupiter, and one of revolution 
around the sun ; and not only these motions, but the sepa- 
rate existence of Jupiter apart from tbe sun, and the sepa- 
rate existence of each satellite apart from Jupit«r, and fLe 
shapes of them all and tbeir relative locations in space, co- 
incide virith the aetioB of gravity ; that is, gravity must pro- 
duce just such facts when acting on a contracting nebulous 
mass. Therefore, from this large nmnher of coineidencea, I 
think we have stronger grounds for belief in graidty, as tiie 
cause of the motions in llie solar system, than in gravity as 
the cenlrijmtal force. 

APPENDIX III. 



THEIE OOMISO iS 0OI119I0S TO 

Mr methods for computing the motion necessary to 
prevent Alpha Coutauri from falling into the sun were two, 
as follows : 



I have already, in Appendix I,, given the formula for 
ascertaining the velocity of a fall from infinite space : 
V=: Vijr. Here g represents the velocity acquired at 
the end of one second, by a fall towaa'd the sun, at the orbit 
of any planet. This is calculated from that at the surface 
of the earth, which is 32.16 feet. Bat if instead of the 
latter quantity we substitute the distance fallen througli in 
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one second, wliicli is half as much, 16.03, then at any 
planetary orhit we obtain the velocity of a planet necessary 
to counteract the sun's centripetal force. Applying this to 
Alpha Centauri, we obtain the velocity in the text, or one 
hundred and forty-five miles per hour. Rapid as this may 
appear, it would yet take more than a million of years for 
one revolution in its imaginary orbit ! The distance of 
AlpLa Centauri was calculated from the parallax 0".l)13. 

SECOND METHOD, 

The other method is the well-tnown one of Kepler, 
namely : 

As the cube of Neptune's distance 
Is to the cube of Alpha Centam'i's distance, 
So is the square of Neptune's period 
To the square of Alpha Centauri's period, 
Keptune's distance was taken at 2,760,000,000 miles, 
and his period at 164,62 days. But these ore well known 
to be only approximations, and hence the result was a mo- 
tion of Alpha Centauri of 139.1 miles per hour ; a very near 
coincidence, all things considered. A very slight alteration 
of Neptune's distance and period, within the limits of prob- 
able error, would have given the precise result of the first 
method. 

APPENDIX IV. 
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O. M. Mitchell, Major-General in the United States Army, 
died at Hilton Ilcad, in South Carolina, in the iat« war ; 
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Herhcrt Spencer.— See Appendix JX. 



APPENDIX V. 



Eegakding the Nebular Theory as one of the moat im- 
portant production's of the human mind, and believing that 
many wrong ideas are afloat respecting its origin, I have 
thought proper to transcribe in this place all that its author 
ever wrote in bringing it before the world. The following 
extracts are from hia " Syst^me du Monde," as given ia the 
translation of J. Pond, F. R. S. (London, 1809), The origi- 
nal Tvas published in 1805 ; though of this I am not quite 
certain ; and I have not at this moment the requisite au- 
thorities at hand. They are both from vol. ii. ; the first 
from Book V,, chap, vi,, and the second from Book IV., 



However arbitrary the ejateia of the planets may bo, there osiata 

lettreen them some very remarkable relaliona, which may throw liglit 

III their ori"in considerinf them with attenlion, we ore aatonisbed to 

11 p ts m d h n from west to east, and nearly 

h m p an U h satoll ea moving round thdr respective 
I in m d d rly in the some plane with the 

) L p and those aatellitea in which a 

n b turn on Lhclr own axes, in the 
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Bame direction and nearlj in the soae plane as tlieir motion of pro- 

A phenomenon so estraordinaiy is not tbe effect of cbanoc ; it indi- 
cates a uniyecsal canae wMch has determined all tlieae motions. To 
approsimate to the probable explanatiou of this cause, we should ob- 
serve that the planetarf system, such as we now oonader it, is com- 
posed of aeTen planeis and fourteen satellites. We have obficrred the 
rotation of the sun, of fire planets, of Ihe moon, of Saturn's ling, and 
of his farthest satellite ; these rotations, with those of tevoludon, form 
tc^ther tbirty direct moTementa in the same direction. If we con- 
ceive the plane of any direct moOon whatever, iwificiding at first with 
that of the ediptic, afterirards inclinu^ itself toward this last plane, 
and passing over all the degrees of indination, from zero to half the cir- 
cumference, it is clear that the motion will be direct in all its inferior 
inclinaljons to a hundred degrees,* and that it will be retrograde in its 
inclinations beyond that ; so that, by the change of inclination alone, 
the direct and retrograde motions of the solar system can be leprc- 
aented. Beheld in this point of view, we can reckon twenty-nine 
motions, of which the planes are incUned to that of the earth, at most 
one-fourth of the circumference ; but supposing their inclinations had 
been the effect of chance, they would have extended to half the cir- 
cumference, and the probability that one of them would have exceeded 
the qaarter would be 1 — ^, or §§^^i?^8§ii. It is then estremely proba- 
ble that the direcdon of the planetary motion is not the effect of chance, 
and this becomes sffll more probable if we consider the inclinalioti of 
the greatest number of these motions to the ecliptic ia very email, and 
much less than a quarter of a circumference. 

Another phenomenon of the solar system, equally remarkable, ia the 
small eccentricity of the orbits of the planets and their aatellites, while 
those of the comets are much estended. The orbits of the system offer 
no intermediate shades between a great and small eccentricity. We 
arc here again compelled to acknowledge the effect of a regular cause ; 
chance alone could not have given a form nearly circular to the orbits 
of all the planets; that cause must also have influenced the great 
cccentridty of the orbits of the comets, and what is very estraordinary, 
without having any inBuence on the direction of their motion ; for, in 
observing the orbits of the retrograde comets as bi^g indined more 
than one hundred degrees to the ecliptic, we find that the main indi- 
nation of the orhita of all the observed comets approaches near to one 

• Kinety degrceB, by our mode ot rcokoning. 
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hundred degrees, which would be the case if the bodies had been pro 
jected at raniioin. 

Thus, to investigate the cause of the piimitiTB motjons of the plan- 
ets, we hare given the five following phenomena,; 1e(. The tnoUons 
of the plnneta in the same direction, and nearlj in the same plane. Sd. 
The motion of their satellites in the same direction, and nearl; in the 
same plane with those of the planets. Sd. The motion of rotation of 
these different hodics, and of the smi in the same diiecljou as their 
motion of ppojection, and ia planes but little different. 4th. The small 
eeeenttioity of the orbits of the planets and of their satellites. 6th. Tlie 
great eccentricity of the orbits of the comets, although their inclinations 
maj have been left to chance. 

Buffon is the only one whom I ImTo known, who, since the discov- 
erj of the true system of the world, has endeavored to investigate the 
origin of the planets and of th^r satellites. He supposes that a comet, 
in laJling from the sun, &<:,, &c. This hypothesis, then, is far from 
accounting for the preceding phenomena. Let us see if it be possible 

Whatever be its nature, anoe it has produced or directed the motion 
of the planets and thdr sal«lKtes, it must have embraced all these 
bodies, and considering the prodigious distance which separates tliom, 
they can only be [it could only have been ?] a fluid of immense extent. 
To have given in the same direction a motion nearly cirbular around 
the sun, this fluid must have surrounded that luminary like an atmos- 
phere. This view, therefore, of planetary motion, leads us to think 
that in conseqnenoe of excessive heat the atmosphere of the sun origi- 
nally extended beyond the orbits of all the planets, and that it has 
gradually contracted itself ta its present limits, which may. have taken 
place &om causes similar to those which caused the &mous star that 
suddenly appeared in IB'12, in the constellation of Cassiopeia, to shine 
with the most brilliant splendor during many months. 

The great eccentricity of the orhits of the comets leads to the same 
results ; it evidently indicates the disappeatanco of a great number of 
orbits less eccentric, which indicates an atmosphere rannd the sun, 
extending beyond the perihelion of observable comets, and which, in 
destroying the motion of those which they have traversed in a duration 
of such extent, have reunited themselves to the sun. Thus we see that 
there can exist at present only such comets as were beyond thia limit 
at that period. And as we can observe only those which in their peri- 
helion approach near the sun, their orbits must bo very eccentric ; but. 
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Is evident that their inclinations must preeent the 
9 if the hodies bad been sent off at random, since 
the solar atmosphere has no influence over theu^ motions. Thus, the 
long period of the revolutions of ooniefe, the great eccentricitj of thdr 
orbits, and tbe variety of their inclinations, are very naturally ei- 
plained by this atmosphere. 

But how has it determined the motjona of reroluUon and rotation 
of the planets ? If these bodies had penetrated this fluid, its resistance 
would have caused them to fall into the sun. We may then conjecture 
that they have been formed in the successive bounds of this atmosphere 
by the condensation of zones, which it must have abandoned in the 
plane of its equator, and in heooming cold have condensed themselves 
toward the surface of this luminary, as we have seen in the preceding 
book. [See next extract.} One may likemse conjecture that the 
satellites have been formed in a mil w y by th atmospheres of the 
planets. The flve phenomena jl med b aturallj result from 

this hypothesis, to vrhich tiie tings f S dd an addi^onol degree 

of probability. 

Whatever may have been th gin f thi amngement of the 
planetary system, which I offe with th t distm t which every thmg 
ought to mspire that is not the es It f 1 t on ni I'ik dition it 

is certain that its elements are ra d h t must po^hcas the 

greateat stability, if foreign ob t [mil ncea ] do net dis 



All the atmospheric strata should take, after a time, the rotatory 
motion common to the body which they surround. For the friction of 
these strata against each other, and ag^nst the surface of the body, 
should accelerate the slowest motions, and retard the moat rapid, till a 
perfect equality is established among them. In these changes, and 
generally in all those which the atmosphere undei^o^, the sum of the 
products of the particles of the body and of its atmosphere, mullipMed 
respectively by the area which their radii vectores projected on the 
plane of the equator describe round th^r coaunon centre of gravity, 
are always equal in time- 
Supposing, then, that by any cause whatsoever, the atmoaplierc should 
contract itself, or that a part should condense itself on the Eurface of 
the body, the rotatory motion of the body, and of its atmosphere, would 
be accelerated, because the radii vectores of the area, described by tie 
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parliclcs of tlio primitiyc atmoaphere bceoiflicK smallei , thp Bum of 
the product of al\ the pacUcles by the oorreepondma aiea tould not 
remain the same unless the velocity of rotation angmeuts 

The point where the centrifugal force balances gravity, is ao muoh 
nearer to the body {n proportion as its rotatory motion is more rapid. 
Supposing that the atmosphere eitends itself aa far as this Kmit, and 
that afterwards it contracts and eondensas itaeif from the effects of 
cold at the surface of the body, tlie rotatory motion would beooine 
tnore and moi^ rapid, and the fai-thest limit of the atmosphere would 
approach conUnually to its centre ; ii wiU ihea abajtdoa saccessiiidy 
in (Se plane of its equator Jimd xones, which will oonljnue to circulate 
round the body because their centrifiigal fbree ia eqaal to gravitj. But 
thia equality not existing relative to those pardcles of the atmosphere 
diatant from the equator, they will continue to adhere to it. It is 
probable that the rings of Saturn are similar zones aliandoncd by its 



ArPEXDIX VI. 

Since these sheets have heen passing throngb tlie press, 
I have learned that M. Faye, in a Memoir recently com- 
municated to the French Academy, has stated, as the results 
of his measurements, that the sun-spots are depressions be- 
aeatt the sun's photosphere, varying in depth from about 
■j^th to -jjiyth of the sun's radius, i. e., from abont 4,000 
to 3,000 miles. This agrees nicely with Wilson, and it 
is to be hoped that other investigators will enter on this 
matter. 



APPENDIX VII. 



SiKCE the first edition ft has been said that my state- 
ment of the density of Jupiter's satellite is an ciTor. I 
took the statement from Lardnor's " Aslrouomy," riiiladel- 
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phia edition, 1854, and since then I have not had leisure 
to investigate the suhject. Even if it be an error, it will 
not affect my argnment, which was to show the diversities 
of matter from the different stjecifie gravities of the celes- 
tial bodies. If oce of Jupiter's satellites were 50 times 
less dense Chan our earth, that would be a very small dif- 
ference compared with the extreme lightness of many of 
the fixed stars. Out of about 7,000 double and multiple 
stars, only about 700, according to Humboldt's enumera- 
tion, have as yet been found to revolve around their com- 
mon centres of gravity. Doubtless they revolve ; that is 
a necessity from the universal exlension of the force of 
gravity ; but if they be very rare and thus have very little 
matter in them, they need not move rapidly in their orbits. 
Their motions may be so slow as not lo bo perceptible until 
after centuries of observation. This rarity doubtless is the 
cause of their seeming immobility ; and all this difference 
among the celestial bodies should not surprise us when we 
find that here, side by side on the same star, one substance 
is a quarter of a million times less dense than another, aa 
in the case of hydrogen and platinum. 



AFPENDIS VIII. 



In the first edition I forgot to explain in its proper 
place how a spot may appear during only one-eighfJi of the 
time in a single rotation. If the axis of rotation of a star 
were so inclined that we could see only a part, say oi' its 
northern hemisphere, then a spot might be so situated on 
that hemisphere as to be visible to us only a very short 
period of one rotation. In the case of Algol we must sup- 
pose the Boulhem hemisphere to be dark, and a largo spot 
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OQ tlie northera hemisphere so placed as to be visible about 
one-eighth of Algol's period. The permanent darkening of 
the southern hemisphere is necessary to aecoimf for the 
gre.itness of the change between the maximum aud the 
minimum of Jiglit. Such an arrangement of spots would 
be a very rare case among the stars, and Al^ol is a rare 



APPENDIX IX. 



Soon after the publication of the tirst edition, a friend 
called my attention to a volume by the deservedly popular 
author IIeebekt SrENOER, containing an essay on " The 
Nebular Hypothesis." It is entitled, " Illustrations of 
Universal Progress," and published by D. Appleton & Co., 
New York, 1864. He proposes a new scheme for produ- 
cing nebular rotation, bat as that scheme is not at all likely 
to be adopted by scientiHc men, I need not describe its 
details. 

This e«siy is i good illustration how the very few 
a tl 3 who regard ^ra ly is one of the nc lents m ca s 
ing neb lar rotat on ma ed at ly a tl e very be^ nnmg of 
the r scl ernes lo e ^ht of th s g and crea e for e 
They are emplujel n evolving tli con rete giob of the 
solar sys em out of neb lous mi t r tut ev d utlv the do 
not adlrfss themsel es to tie ^ neril { obi n f stellar 
m tion Ti ey do not ontenjlate the subl me and sool 
elevatng trutl that all the 1 eav ns above an I the earth 
b ncath vi e e or nnally j ut n mof on b j, f) They 
pla nly lo not se that the centr pet 1 1 r e nd the c n 
trifu^al force ro one n or "oi Thej have not annouu ed 
V n the J ; e fh t gra ty "a e their n n to tl 
ta Mil I V th V 1 ove ed ly m tl 1 i 
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NOTE. 385 

proofs the coinrAdence between the velocities of the stars 
and the velocities necessarily produced by gravity when 
acting according to the nebular theory. I mention this 
because often when a discovery has been made, the declara- 
tion is soon annonnced that everybody knew it before. 
Because several individuals both in England and on the 
Continent of Europe had, before the publication of the 
Principia, spoken and written of gravity as the centrip- 
etal force in astronomy,* therefore it has been said that 
gravity in its astronomical extension vras not the discovery 
of Newton. But this extension of gravity by these previous 
writers and speakers was merely an wnvenfied conjecture. 
With Newton it was a real discovery, because by mathe- 
matical demonstration he proved the eoineidence between 
the regular effects of gravity and the facts in the solar sys- 
scm. While I havo proved (hat gravity gave the stars 
their motions in their courses, the same as Newton proved 
that gravity now holds them in their courses, I am not 
aware that any one has anticipated me even by an unveri- 
fied conjecture. 



NOTE TO SECTION XXJX. 

THKOtrOH inadvertency, and from not having Mayer's 
treatise at hand, I have given an inaccurate and too favor- 
able a view of the operation of his theory for the retardation 
of the moon's rotation. Instead of a single tide-wave, ■which 
retarded the moon's rotation, he rightly supposes another 
tide-wave on the opposite side of that orb, which tended to 
accelerate the rotation, but in a smaller degree, owing to 
its greater distance from the earth. Henee the net amount 
of retardation was the difference of the earth's gravitating 

* St'O Nowlou'b letters in his Iiife hy Sir David Biinvslcr. 
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force on these two waves, which mQst have been small, but 
still effective. In my own view, retardation was caused 
by rigidity operating against both waves. I am aiisious 
not to offer oven lie appearance of detracting from the great 
merit of Mayer. We can never too mnch admire his pSr- 
tient, persevering, and laborious tiinking, when he discov- 
ered, from abstract views, the mechanical equivalent of 
heat, and laid tho foundation for the grand theory of the 
conservation of force. 
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Introduction; Tlie Blood; Tlio Circulation; Eespiiation. 
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)t Flint is engaged in the preparaHon of an estendcil 
work on human plijsiologj, in which lie professes to consider oil the 
subjects usunllr regoj^ded as belonging to that department of phys- 
ical science. The work will be divided into separate and distinct 
parls, but the several volumes in which it ia to be published will form 
a comiecled series," — Providence Joiimal. 

It ia free from technicalities and purely profeseionai terras, and 
instead of only being adapted to the use of the medical faculty, 
will be found of interest to ttie general reader who desires clear 
and concise information on the subject of man physicaL" — Mienittg 
Post. 

" Digestion is too little undetstood, indigestion too eitensivelj 
suffered, to render this a work of supererogation. Stomachs will have 
tlieir revenge, sooner or later, if Nature's laws are infringed upon 
through ignorance or stubbornness, and it is well that all should un- 
derstand how the penalty for 'high living' is assessed." — Chicago 
Mming Journal. 

" A year has elapsed since Dr, Flint published the first pact of 
his great work upon human physiology. It was an admirable treatise 
— distinct in itself — exhausting tiie special Bubjecla upon wliidi it 
treated." — PhilarMpMa Itigmrcr, 
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